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ABSTRACT 
 
Floods can dramatically increase the sediment load supplied to continental margins, 
leading to greater and potentially geochemically unique deposition.  The 2011 flooding of the 
Mississippi River and its discharge into coastal areas of the northern Gulf of Mexico provided an 
opportunity to examine how a large flood was received on the seabed along the adjacent 
continental margin and influenced stratigraphic development.  This was a geologically 
significant flood that occurred from May to July, 2011, surpassing historic water levels at 
Vicksburg, MS and necessitating the opening of the Morganza Spillway for the first time in 37 
years.  For this study, the stratigraphic and geochemical nature of the deposition associated with 
this event was evaluated using multi-cores collected at 68 sites along the Louisiana shelf.  Cores 
were examined using x-radiography, particle reactive radioisotopes, 
234
Th and 
7
Be, as well as 
analysis of grain-size distributions and organic matter content. 
Inventories of 
7
Be from post-flood cores varied across the shelf, ranging from 0 to 7 
dpm/cm
2
.  Greatest 
7
Be values were seen where deposits appeared thickest in x-radiography and 
were located down-drift of the Mississippi and Atchafalaya River mouths.  Near the Mississippi 
River, the highest inventories were 10-15 km seaward of the river mouth and at water depths of 
  
 
25-75 m.  Near the Atchafalaya River, the highest inventories were farther from the river mouth 
(~130 km), and on the inner shelf at depths of 5-30 m.  Based on geochemical and 
sedimentological data, the 2011 flood deposit reached up to 8 cm thick.  Flood deposit sediments 
showed a higher percentage of clays and lower dry bulk densities compared to pre-2011 
deposited material, making the flood deposit relatively sedimentologically and stratigraphically 
distinct on the shelf.  An estimated flood sediment budget suggests that the flood deposited 
approximately 80 ± 30 Mt (million tons) of sediment on the shelf during a three month span, 
which accounts for 47 ± 17% of the average annual sediment load of the Mississippi River, but is 
much less than the shelf sediments remobilized by Hurricanes Katrina and Rita in 2005 (1200 
Mt).  Physical oceanographic and fluvial conditions, and shelf morphology significantly 
influenced the spatial distribution and magnitude of flood sedimentation strata.  This research 
demonstrates the identification and interpretation of flood sequences and provides further insight 
on the source, deposition, and transport of terrestrially-derived material on the Louisiana shelf.   
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1.  INTRODUCTION 
Sedimentation on the Louisiana continental shelf has intrigued scientists since the early 
20th century due to the Mississippi River’s great influence on continental shelf productivity and 
the nation’s economy.  Effects to the Louisiana shelf are critical as 41% of the United State’s 
coastal and estuarine wetlands are located on the Louisiana coast and these wetlands serve as fish 
nurseries to support the State’s billion dollar seafood industry (Stone and McBride, 1998).  
Offshore energy resources are also vital in the Gulf of Mexico as it accounts for approximately 
25% and 10% of all U.S. crude oil and natural gas production, respectively (U.S. Energy 
Information Administration; http://www.eia.gov/special/gulf_of_mexico/).  Consequently, 
sedimentary processes have been shown to affect oil and gas infrastructure in the Gulf of Mexico 
as damages to pipelines via mudflow activity were reported in 2004 and 2005 following 
Hurricanes Ivan, Katrina, and Rita (Walsh et al., 2006).  The river-dominated margin 
accumulates and stores large amounts of organic matter where sediment dynamics play an 
important role affecting the processes that influence biogeochemical cycles (McKee et al., 2004; 
Corbett et al., 2006) and control sediment cycling before long-term net accumulation occurs 
(Wright and Nittrouer, 1995).  However, sediment dynamics in marine environments are 
complex and relatively poorly understood as sediment supply, shelf morphology, oceanic and 
fluvial interactions, and biota all act to control depositional patterns (Nittrouer et al., 2007).  In 
addition, the study of events (storms, floods, etc.) and the ensuing effects on sedimentary 
processes is limited (McKee et al., 2004).   
Event sedimentation has stratigraphic implications for the geologic record.  Preserved 
flood deposits have been studied within the geologic record for reconstructions of paleoflood 
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histories to estimate past flood frequencies and magnitudes (Baker, 1987; O’Connor et al., 1994; 
Mulder et al., 2001; Benito et al., 2003; Thorndycraft et al., 2005; Sridhar, 2007).  These 
reconstructions are used as a way to assess future flood risk, examine effects from past and 
present land use, and monitor climate change/atmospheric patterns (Sommerfield et al., 2002; 
Chapron et al., 2005; Covault et al., 2010), but can only be as accurate as the temporal continuity 
of the stratigraphic record (Sadler, 1981).  Sediment deposition occurring as a linear and constant 
process has been a common assumption in the past.  Recent work highlights how the geologic 
record is constructed by punctuated events and stratigraphic sequences containing time gaps 
where sediment erosion and/or non-deposition have occurred (Catuneanu, 2002; Catuneanu et 
al., 2009).  Therefore, the fidelity of the stratigraphic record is strongly influenced by 
local/regional sediment dynamics, and better knowledge of the processes influencing event 
sedimentation can improve stratigraphic interpretations on continental shelf environments.  
Opportunities to study event deposition on continental margins provide a means to better 
understand the sediment dynamics within.  More research is needed to improve the knowledge of 
short-term deposition and burial of organic and mineral particles from fluvial sources to shelf 
environments (Leithold and Hope, 1999).   
Event deposition associated with floods and storms has been observed to play an 
influential role in shelf and wetland environments (Sommerfield et al., 1999; Wheatcroft and 
Drake, 2003; Palinkas et al., 2005; Dail et al., 2007), necessitating better knowledge of the 
associated physical processes and ensuing effects.  Increases in wave activity from storm 
conditions increase wave-energy levels affecting the seabed that subsequently increases wave 
shear stresses and the potential to resuspend sediment.  As Hurricane Claudette impacted the 
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western Gulf of Mexico and made landfall on the south eastern coast of Texas in 2003, seabed 
sediment along the Louisiana continental shelf was resuspended by energetic waves and currents 
resulting in a maximum water column sediment concentration of 0.5 kg/m
3
 (Sheremet et al., 
2005).  One year later, Hurricane Ivan created one of the largest ocean waves (27.7 m) and 
strongest deep ocean currents (2.25 m/sec) on record (Wang et al., 2005).  The energies created 
by such high-energy event processes can be 5 to 10 orders of magnitude greater (10
5
-10
15
 joules) 
than typical day-to-day processes (i.e., waves and currents, 10
1
-10
5
 joules), which can 
significantly influence the emplacement, modification, and preservation of sedimentary strata 
(Dott, 1983).  The aforementioned effects undoubtedly affect organic carbon cycling on river-
dominated margins, as the distribution of organic carbon has been shown to be dominated by the 
hydrodynamic sorting, differential sedimentation, and transport of riverine sediment dispersal 
(Bianchi et al., 1997, 2002).   
As a result of the more energetic oceanographic conditions, event deposition associated 
with storms (Aigner, 1985) and river floods (Leithold, 1989) can create important sediment 
deposits that contribute a significant component to continental shelf stratigraphy.  Moreover, 
hurricane-induced deposition can accumulate sediments on distal shelf environments that are 
orders of magnitude greater than steady-state decadal-scale accumulation rates (Dail et al., 
2007).  In 2005, for example, Hurricanes Katrina and Rita resuspended and redistributed a 
combined accumulation of sediments on the Louisiana shelf five times greater than the annual 
sediment supply from the Mississippi and Atchafalaya Rivers and accounted for an accumulation 
of organic carbon on the seabed one magnitude greater than decadal-scale rates (Goñi et al., 
2007).  Dail et al. (2007) suggested that hurricane-induced deposition accounts for 75% of 
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decadal sediment burial budgets within the Mississippi Canyon.  These differences and the 
importance of event-scale relative to decadal sedimentation rates have also been observed on 
other continental margins, such as the Yangtze (McKee et al., 1983), Amazon (Kuehl et al., 
1996), Eel (Sommerfield et al., 1999), Gulf of Papua (Walsh and Nittrouer, 2003), and Po 
(Palinkas et al., 2005) margins.   
Previous research has been conducted to evaluate the emplacement of flood deposits on 
several margins, including the Eel and Po.  Flooding of the Eel River, located in northern 
California, in 1995 and 1997 produced sedimentologically and geochemically distinct deposits 
that were up to 8 cm thick, present in water depths from 50 to 110 m on the adjacent continental 
shelf, and estimated to contain less than 25% of the sediment load delivered by the Eel River 
during the periods of flooding (Wheatcroft and Borgeld, 2000).  A widespread dispersal of flood 
sediment over the shelf was observed to occur over a short time (1 month) that was influenced by 
the relatively small drainage basin and large suspended-sediment concentrations where flood 
sediment was efficiently transported offshore from the river mouth and redistributed by energetic 
storm waves (Sommerfield et al., 1999; Wheatcroft and Borgeld, 2000).  Therefore, the 
processes affecting flood deposition on the Eel shelf are mainly associated with high-energy 
storm conditions.  After flooding of the Po River in 2000, a resulting flood deposit was observed 
to be up to 15 cm thick, located in relatively shallow water depths (<30 m) directly adjacent to 
the river mouth, and accounted for 30 to 55% of the sediment that was discharged to the shelf 
during the flood event (Palinkas et al., 2005).  The depositional characteristics of the Po River 
flood deposit primarily reflect the general fair-weather oceanographic conditions of the Po River 
shelf and contrast the observations of flood deposits reported on the Eel margin (Wheatcroft et 
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al., 2006).  The differences between the Eel and Po River flood deposits show the complexity 
and variability of the processes that can potentially affect the emplacement and magnitude of 
flood deposits on continental shelves. 
In the spring of 2011, widespread rainfall and corresponding snow melt in the mid-
western United States led to the flooding of the Mississippi River.  This was an environmentally 
significant event, requiring the opening of the Morganza Spillway on May 14 for the first time in 
37 years to re-direct floodwaters away from Baton Rouge and New Orleans.  The 2011 flooding 
reached a maximum water level of 17.3 m at Vicksburg, MS, surpassing historic levels 
previously set during the Great Mississippi River Flood of 1927 (Figure 1B and C).  Higher 
flood stages would have resulted down river (e.g., New Orleans) without the opening of the 
Morganza Spillway (Figure 1D and E).  At peak flooding, discharge reached 3,500 m
3
/s of river 
water that passed through the Morganza Spillway to divert water from the main channel of the 
Mississippi River and flooded marshes and swamps along the Atchafalaya Basin (Falcini et al., 
2012).  The Bonnet Carré Spillway was opened to help discharge floodwaters and sediment into 
Lake Pontchartrain as well during the same period.  Satellite imagery taken during peak flooding 
shows the wide spatial extent of flooding (Figure 1A). 
Investigating short-term, event-driven sediment deposition on the Louisiana shelf allows 
evaluation of influential physical processes and a better understanding of how sedimentary strata 
are created, reworked, and preserved.  The overarching purpose of this study is to evaluate the 
geochemical and sedimentological characteristics of the 2011 Mississippi River flood deposit.  A 
primary goal is to determine the spatial distribution and amount of deposition that occurred on  
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Figure 1.  Regional map and hydrographs.  The map (A) shows the location of the Mississippi and Atchafalaya 
Deltas and hydrographic gauging stations.  10-year (B) and 1-year (C) hydrographs are shown for the Mississippi 
River at Vicksburg, MS.  Panels D and E display 10-year and 1-year hydrographs, respectively, for the Mississippi 
River at New Orleans, LA.  Data are from river gauges maintained by the U.S. Army Corps of Engineers.  A 
MODIS satellite image, taken on May 17, 2011, during peak flooding of the Mississippi and Atchafalaya Deltas, is 
overlain in panel A to show the spatial extent of surface suspended sediment (light brown color).   
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the Louisiana continental shelf.  This study had three specific objectives: 1) to evaluate the 
spatial patterns and flood deposit thickness from the 2011 Mississippi River flood using 
geochemical tracers, 2) to describe physical sediment characteristics, such as grain size, dry bulk 
density, porosity, and bioturbation of the flood deposit, and 3) to estimate the amount of 
sediment deposited on the adjacent continental margin resulting from the 2011 Mississippi River 
flood. 
  
2.  BACKGROUND 
2.1  The Louisiana Continental Shelf 
 Active since the Late Jurassic, the Mississippi River system is one of the largest river 
systems in the world, characterized by the third largest drainage basin, and the seventh largest 
annual water and sediment discharge in the world (Milliman and Meade, 1983).  The Mississippi 
River system drains 47% of the contiguous United States with a drainage basin that spans from 
the Rocky Mountains to the Appalachian Mountains, covering an area of 3,344,560 km
2
 
(Coleman, 1988).  The river discharges water at an average rate of 15,360 m
3
/sec, having 
minimum and maximum discharge rates of 2,830 and 57,900 m
3
/sec, respectively (Coleman, 
1988).  The annual water discharge of the Mississippi River each year is relatively steady mainly 
due to the large drainage basin and groundwater storage; however, some seasonal differences 
exist with the greatest river discharge occurring during winter and spring and the lowest 
discharge during summer and fall (Mossa, 1996).   
The sediment load delivered to the Gulf of Mexico has significantly decreased over the 
last 200 years (Meade and Parker, 1985) due to anthropogenic manipulation through the use of 
levees and dams (McKee and Baskaran, 1999).  Over the span of two decades (1987-2006), the 
Mississippi River had an average annual sediment load of 172 million metric tons per year 
(Mt/yr) (Meade and Moody, 2010), while Allison et al. (2012) observed that 44% of the 
suspended load is sequestered in the lowermost Mississippi and Atchafalaya system before 
entering the Gulf of Mexico.  The bedload composition is dominated by fine sand (≥ 90%), and 
the suspended load contains a high clay (65%) and silt (35%) content (Coleman, 1988).  Thus, 
the Mississippi River supplies a significant muddy sediment load annually to the Louisiana shelf, 
much of which initially settles within 30 km of the river mouth with a fraction subsequently 
  
9 
 
remobilized (Corbett et al., 2004, 2006).  Numerical modeling conducted by Xu et al. (2011) also 
suggests sediment deposition to be highly localized within the margin, specifically within a 20 
km radius of the Mississippi Delta while retaining the bird-foot shape whereas deposition near 
the Atchafalaya is generally narrow, elongated, and confined to the inner shelf where enhanced 
wave resuspension facilitates further westward sediment dispersal.  Mississippi River sediments 
are usually more widely dispersed than Atchafalaya sediments due to inconsistent current 
directions and the relatively steep grade offshore of the Mississippi River mouth (Xu et al., 
2011).   
Oceanographic conditions are also influential factors affecting sedimentation throughout 
the region.  Wright et al. (1997) has described regional diurnal tides in the Gulf of Mexico with a 
range of less than 0.4 m.  Littoral currents along the inner-middle shelf have also been reported 
to have westward flows at speeds approximately 0.1-0.2 m/s (Xu et al., 2011).  Wright et al. 
(1997) found the advection of high turbidity flows to be prevalent on the Louisiana shelf under 
fair-weather meteorological conditions and minimal sediment resuspension, showing how 
variations in weather (e.g., wind and waves) can affect sediment transport.  Mudflow activities 
have been described on the margin, suggesting gravity-driven transport as an important 
mechanism delivering sediment offshore and to deeper depths (Walsh et al., 2006).  Increased 
wave activity associated with approaching cold-fronts has been shown to direct fine-grained 
sediments toward the west and shoreward (Kineke et al., 2006).  Other studies emphasize the 
importance of seasonal weather variations and storms as a process for redistributing sediment on 
and off the Louisiana shelf (Allison et al., 2000, 2005; Corbett et al., 2004, 2007; Walsh et al., 
2006; Dail et al., 2007; Goñi et al., 2007).   
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Pre-sampling conditions need to be considered to better interpret the oceanographic and 
fluvial influences on sediment deposition on the shelf associated with the 2011 flood event 
(Figure 2).  Daily oceanographic data from a NOAA monitoring station show how marine 
conditions in the Gulf of Mexico are on average relatively calm due to its semi-enclosed basin, 
which are characteristic of wind speeds mainly between 5 to 15 m/s (Figure 2A) and exhibit 
small significant wave heights that occasionally surpass 1 m (Figure 2B).  However, the physical 
oceanographic and fluvial conditions associated with storms and floods on the Louisiana shelf 
are anticipated to have significant impacts on event-driven sedimentation.  Daily river discharge 
data measured at New Orleans, LA, show the magnitude at which river discharge surpassed 
average annual river flow preceding and following the 2011 flood peak (Figure 2C).  Thus, the 
2011 flood of the Mississippi River provided an opportunity to examine if and how sediment 
from a large flood would be received on the seabed along the adjacent continental shelf.   
2.2  Natural Particle-Reactive Tracers 
Valuable sedimentological information can be derived using radioisotopes, and previous 
work has had success using these tools on the Louisiana shelf (e.g., Allison et al., 2000, 2005; 
Corbett et al., 2004; Dail et al., 2007; Goñi et al., 2007).  In order to evaluate certain processes, 
the half-life of a radioisotope needs to be appropriate for the time scale of interest, e.g., 
210
Pb for 
decadal-scale sedimentation (Giffin and Corbett, 2003).  Coastal deposition represents the initial 
and likely temporary emplacement of suspended sediment before subsequent resuspension, 
which occurs on daily to monthly time scales (Corbett et al., 2004).  Particle-reactive 
radioisotopes thorium-234 (t1/2 = 24.1 days) and beryllium-7 (t1/2 = 53.3 days) are useful tools to 
evaluate sediment deposition and biological mixing on time scales of days to months that are  
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Figure 2.  Wind speed, significant wave height, and river discharge data.  Average daily data over a 1-year period 
shows important factors (A: wind speed, B: significant wave height, and C: river discharge) that could have affected 
post-flood deposition.  Data were obtained from a NOAA monitoring station represented in Figure 3 by a cross (+) 
symbol.  Discharge surpassed average annual river flow (dashed line; Roberts, 1997) preceding and following the 
2011 flood peak period.  Discharge data were recorded at New Orleans, LA (red square in Figure 1A).  The red box 
represents the time of sample collection. 
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associated with episodic events (e.g., hurricanes and floods) (McKee et al., 1983, 1984; Olsen et 
al., 1986; Feng et al., 1999; Sommerfield et al., 1999; Palinkas et al., 2005; Bentley et al., 2006).  
Areas of increased deposition can often be identified by elevated sediment inventories calculated 
by the downcore integration of tracer activity (Olsen et al., 1986).  In addition, changes in 
downcore activity may indicate rapid changes in deposition rates (Dail et al., 2007; Goñi et al., 
2007).   
The radioisotope thorium-234 (
234
Th) is introduced to the water column by in-situ 
production from the continuous alpha decay of 
238
U.  Aller and Cochran (1976) describe 
234
Th to 
be particle reactive, causing it to scavenge onto suspended particles, which are subsequently 
deposited.  The rapid removal of dissolved 
234
Th from the water column onto suspended particles 
makes it useful for evaluating sedimentological processes.  Specifically, the behavior of 
234
Th 
enables it to inform sediment patterns as transport, deposition, and resuspension; the presence of 
234
Th above supported values via in-situ production (excess 
234
Th, or 
234
Thxs) suggests the 
deposition of new material or the mixing of emplaced material.  Biological mixing moves the 
surface sediments deeper into the seabed while physical mixing re-exposes surface sediments to 
the water column where scavenging of excess 
234
Th onto sediment particles can re-occur.  In this 
manner, the excess 
234
Th profile may be used to investigate sediment resuspension (Feng et al., 
1999; Giffin and Corbett, 2003) and biological mixing of the seabed (Bentley and Nittrouer, 
1999, 2003). 
Beryllium-7 (
7
Be) has been used as a proxy for fluvial material in estuaries and 
continental shelf systems (Olsen et al., 1986; Canuel et al, 1990; Baskaran et al., 1997; 
Sommerfield et al., 1999; Allison et al., 2000; Corbett et al., 2004, 2007; Palinkas et al., 2005, 
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Kolker et al., 2012).  The short-lived and particle-reactive radioisotope is a product of cosmic ray 
spallation reactions within the atmosphere and is supplied through precipitation and dry 
deposition that quickly adsorbs to sediment particles (Olsen et al., 1986).   Riverine input of 
7
Be, 
compared to direct atmospheric deposition, has been shown to be a more important source in 
environments with a high ratio of drainage basin to estuarine surface area (Baskaran et al., 1997; 
Sommerfield et al., 1999).  Corbett et al. (2004) showed a very high ratio (~700) between 
drainage basin size and the depositional area on the Louisiana shelf, suggesting the Mississippi 
River provides a strong signal, relative to local atmospheric input.  Maximum penetration depths 
of the tracer have been used in several studies to evaluate flood deposition on continental 
margins (e.g., Sommerfield et al., 1999; Allison et al., 2000; Palinkas et al., 2005).   
2.3  Organic Matter Geochemical Signature: Tracers of Source 
 The Mississippi and Atchafalaya Deltas are important settings as over 80% of all 
terrestrially-derived organic carbon produced globally is buried in deltaic environments (Berner, 
1982, 1989; Hedges and Keil, 1995).  Moreover, the Louisiana shelf receives the highest amount 
of terrestrial organic carbon compared to all other U.S. coastal margins due to the massive 
combined discharge from the Mississippi and Atchafalaya Rivers (Hedges and Parker, 1976; 
Malcolm and Durum, 1976; Eadie et al., 1994; Trefry et al., 1994).  Compositional changes of 
organic matter within sediment strata, together with the sedimentological data, can provide 
insight into depositional and post-depositional processes (Tesi et al., 2008).  The large supply of 
sediment delivered by the Mississippi River to the Louisiana shelf is generally associated with 
fine-grained material and is characterized with relatively high organic carbon (OC) 
concentrations, high molar carbon/nitrogen (OC/N) ratios, and depleted values of δ13C (Goñi et 
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al., 1997, 1998, 2007; Onstad et al., 2000).  Specifically, lower Mississippi River surficial seabed 
sediments (0-2 cm) have been previously assessed to have mean OC concentrations (wt%), 
OC/N ratios, and bulk δ13C values of 1.2 ± 0.5%, 12.0 ± 1.4, and -23.20 ± 1.09‰, respectively 
(Bianchi et al., 2002).     
Fluvial OC has been shown to be a useful tracer of flood deposition.  After the 
emplacement of a flood deposit on the Po River margin, for instance, significant compositional 
differences, including OC wt%, OC/N ratios, δ13C, and sediment texture, were observed between 
the flood deposit and underlying sediments (Miserocchi et al., 2007; Tesi et al., 2008).  The 
organic material of the Po River flood deposit was determined to have OC contents around 1%, 
with mean OC/N ratios and δ13C values of 9.9 and -25.3‰, respectively (Miserocchi et al., 
2007).  The characteristics and composition of terrestrial OC within sediment samples provide 
another useful tool, in addition to the particle-reactive radioisotope tracers 
7
Be and 
234
Th, and 
differences in physical sediment properties (i.e., grain size, porosity, bulk density, etc.), to 
accurately identify the extent of deposition on the Louisiana continental shelf associated with the 
2011 Mississippi River flood. 
  
3.   METHODS 
3.1   Sample Collection 
 In early August 2011, short sediment cores (< 60 cm) were collected at 68 sites using an 
Ocean Instruments MC-800 multi-core during an NSF-RAPID six-day (August 3-8) research 
cruise aboard the R/V Cape Hatteras (Figure 3).  All sample sites were occupied along the 
continental shelf from west of the Mississippi Delta to southwest of the Atchafalaya Bay.  After 
core collection at each site, subsamples were taken at 1-cm intervals in the top 20 cm; two-cm 
intervals were taken for the remaining core depths.  Subsamples were stored in labeled whirl-
pack bags.  Samples for organic matter analyses were frozen in pre-ashed (450
o
C for 4 hours) 
glass jars immediately after core collection.  Organic matter samples were transported on dry ice 
to East Carolina University (ECU) where they were placed in a -20
o
C freezer until further 
analyses for organic carbon and total nitrogen abundance (%OC, %TN) and isotopic signature 
(δ13C).  X-radiographs (x-ray negative images) of rectangular sub-core slabs were obtained for 
each core using a Varian Paxscan 4030E flat panel imaging system and an Ecotron EPX-F2800 
portable x-ray generator; these data give insight into the extent of sediment layering and/or 
mixing.   
3.2  Radioisotope Analysis 
 Radioisotope analysis of 
234
Th and 
7
Be was conducted on core subsamples (n = 394, 
Appendix A) by gamma spectroscopy (Giffin and Corbett, 2003).  Samples were dried at 100
o
C 
for approximately 24 hours, homogenized using mortar and pestle, and packed into petri dishes 
or plastic 1.5 cm diameter vials.  Samples were counted for approximately 24 hours on low-
background, high-efficiency, high-purity Germanium detectors (LEGe-, BEGe-, Coaxial-, and  
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Figure 3.  Site map.  The map displays the locations where sediment cores were collected from August 3 - 8, 2011 
aboard the R/V Cape Hatteras on the Louisiana continental shelf.  The cross (+) symbol represents the NOAA 
monitoring station used in Figure 2. 
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Well-types) coupled with a multi-channel analyzer.  A direct transmission method was used to 
correct activities for self-absorption for accurate calculations of 
234
Th activity (Cutshall et al., 
1983).  Natural matrix standards (e.g., IAEA-300, 312, 314, 315) were used on all detectors to 
calibrate the regions of interest (ROI) for the associated photopeaks (e.g., 
234
Th: 63.3 keV; 
7
Be: 
477.7 keV) of each radioisotope.  Core samples were counted until depths just beyond the 
7
Be 
detection limit.  Decay corrections were made for all activities between sample collection and 
analysis.  Sediment dry-bulk density for each sample was calculated after determining water 
content and correcting for salt residue.  Salt-corrected porosities for each gamma sample were 
calculated from the wet and dry sediment masses, and assuming a porewater density (1.025 
g/cm
3
), particle density (2.65 g/cm
3), and salt fraction (i.e., 35‰).  Sediment x-radiographs were 
qualitatively interpreted to denote potential event strata, bedding, and evidence of bioturbation.  
These interpretations were used together with downcore radioisotope activities and grain-size 
distributions to determine the thickness of the 2011 flood layer at each core site.   
Radioisotope inventories were calculated using the following equation (from Canuel et 
al., 1990): 
I = Σ Xi(1 – φi)ρi(Axsi) 
where I represents each core’s total inventory (dpm/cm2); Xi is subsection thickness (cm); φi is 
subsection porosity (unitless); ρi is sediment density (g/cm3); and Axsi is the (excess) activity 
(dpm/g).  Errors associated with counting, background, and detector efficiency were propagated 
to account for the total error of each measured sample (Sommerfield et al., 1999).  The error 
associated with background radioisotope activities was measured by running blank samples on 
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each gamma detector.  Errors due to detector calibration are accounted for by errors in 
efficiency.   
 When using 
234
Th to evaluate depositional sediment processes, it is important to 
differentiate between total, supported, and excess 
234
Th.  After initial sample measurements for 
total 
234
Th activities, all samples were recounted after a minimum of 6 months, after which all 
unsupported 
234
Th had decayed beyond detection, giving a measurement of supported 
238
U 
activity.  In order to account for the magnitude of biological mixing, the particle mixing 
coefficient was calculated using excess 
234
Th data and the following equation (from Nittrouer et 
al., 1984): 
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where Db is the particle mixing coefficient (cm
2/year), λ is the decay constant for 234Th (10.498 
decays year
-1
), z is the depth below the sediment-water interface (cm), 
234
Thxs(0) is the excess 
234
Th activity at the sediment surface (z = 0), and 
234
Thxs(z) is the excess 
234
Th activity at depth z.   
3.3  Grain Size Analysis 
 Samples for grain size analysis (n = 306, Appendix A) were prepared by placing 10 to 20 
grams of sediment and 20 mL of a 0.05% sodium metaphosphate solution into a jar.  Each jar 
was placed in an ultrasonic bath for 2 minutes and then wet sieved using a 63 μm sieve to 
separate the sand and mud fractions.  The sand fraction of each sample was dried and weighed.  
After wet sieving, the proportions of silt (63 to 4 μm) and clay (<4 μm) fractions were measured 
using a Micromeritics Sedigraph III-5120.  The grain size interval was set at 0.25 Φ, ranging 
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from 4 to 11.75 Φ, and the mass frequency and cumulative percent of each interval was 
determined.  After analysis, the mud fraction was re-collected, dried, and weighed.  The sand and 
mud fraction weights were added after correcting for the sodium metaphosphate weight to 
calculate the total weight of each sample and corresponding percent size fractions (e.g., sand, 
silt, clay).  Due to time limitations, grain size analysis was conducted at 17 sites (e.g., 1, 3, 4, 7, 
12, 13, 14, 15, 16, 17, 25, 28, 31, 32, 37, 40, 41, 47, 49, 53, 59, 61) that had strongly laminated 
flood sediments identified in x-radiographs and to depths well beyond the limits of the 2011 
flood deposit. 
3.4  Organic Matter Analysis 
Elemental analysis (OC and total N content) of the sediments (n = 239, Appendix A) was 
determined using a FISONS NA2000 Element Analyzer once the carbonate fraction was 
removed by dissolution in 1.5 M HCl.  Using the same samples, stable isotopic analyses of OC 
(δ13C) was determined using a FINNIGAN Delta Plus mass spectrometer that was directly 
coupled to the FISONS NA2000 Element Analyzer by means of a CONFLO interface to provide 
continuous flow measurements.  The reference gas used for the mass spectrometer calibration 
was produced from the acidification of the IAEA standard NBS19 (limestone, 1.95‰ vs Vienna-
PDB).  Uncertainties were lower than ±0.2‰, determined by routine replicate measurements 
taken from the combustion of the IAEA reference sample IAEA-CH7 (polyethylene, -31.8‰ vs 
Vienna-PDB).  Error associated with the OC and TN measurements was propagated to determine 
the variance in OC/N ratios (e.g., Goñi et al., 1998).  δ13C values were calculated using the 
following equation: 
 
 
1000 1
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where δ13C is expressed as per mil (‰) relative to variation from the Vienna-PDB standard, 
(
13
C/
12
C)sample is the ratio of carbon-13 to carbon-12 within each sample, and (
13
C/
12
C)PDB 
represents the carbon-13 to carbon-12 within the Vienna-PDB standard.  Due to time and 
financial limitations, organic matter analysis was conducted at 10 sites (e.g., 7, 15, 17, 20, 35, 37, 
40, 41, 53, 59) that had strongly laminated surficial flood sediments observed in x-radiographs 
and had a relatively sharp contact between the 2011 flood deposit and underlying sediments.   
  
4.  RESULTS 
4.1  
7
Be Deposition 
 Beryllium-7 inventories vary across the shelf, ranging from 0 to 7 dpm cm
-2
 (Figure 4A), 
and inventories were contoured to help evaluate spatial patterns and variability (Figure 4B).  
Values are greatest at sites proximal to the Mississippi River mouth (i.e., west of Southwest 
Pass).  The sites with highest values are approximately 8-16 km away from the river mouth and 
at depths ranging from 25-75 m.  Inventories gradually decrease from the Mississippi mouth 
toward the west/southwest and with increasing depth (Figure 4A/B), but increase again near the 
Atchafalaya mouth.  In this area, water depths ranging from 5-30 m are representative of lower 
7
Be inventories, compared to Mississippi sites.  The lowest inventories are scattered offshore of 
the Atchafalaya Bay.     
Maximum 
7
Be penetration depths range from 0 to 8.5 cm.  Patterns are similar to 
7
Be 
inventories (Figure 4C).  Penetration depths, like inventories, indicate a net westward flow of 
sediment is prevalent from each river mouth.  Near the Mississippi River, 
7
Be depths are greatest 
near the mouth of the river as initial deposition occurs directly west and south.  The greatest 
7
Be 
penetration depths near the Atchafalaya River are westward of the river mouth in the inner 
Louisiana shelf.  Cores on the 25 m isobath found offshore of the Atchafalaya River, 
approximately 90-100 km to the Southwest, also have relatively greater 
7
Be penetration depths.  
Maximum 
7
Be penetration depths were contoured to assess the spatial distribution, extent, and 
variability of flood deposition over the Louisiana shelf (Figure 4D).   
4.2.  Sedimentological Properties of the 2011 Flood Sediments 
Based on the 17 cores analyzed for grain size, the 2011 flood deposition is characterized 
by mainly clay (>50%) and little sand content (<5%) with porosities greater than 80% and dry 
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Figure 4.  Evaluating 
7
Be data.  Post-flood 
7
Be inventories at individual sites (A) and interpolated inventories across the shelf (B) suggest spatial variability in 
sediment deposition.  Maximum penetration depths of 
7
Be at individual sites (C) and interpolated 
7
Be penetration depths across the shelf (D) show the spatial 
distribution and maximum flood deposition that occurred on the shelf.  For panels A and C, numbers inside the squares refer to site number, while color reflects 
value magnitude.  Panels B and D show respective site specific inventory and penetration depth values within the circles. 
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bulk densities less than 0.50 g/cm
3
.  The average porosity and dry bulk density of the flood-
related sediment is 85% and 0.42 g/cm
3
, respectively.  A fining upward sequence is a common 
characteristic seen transitioning from underlying sediments through the flood strata.   
The pixel brightness changes in the x-radiographs are a function of density that reflect 
grain size and bulk density variations, which can be related to sand content (Dail et al., 2007).  
Compared to coarser sediments, fine-grained muds are characteristic of lower densities in x-
radiographs.  The bulk density of sediment strata influences the x-ray attenuation and therefore 
the brightness of an x-radiograph.  Cores with 
7
Be activity, indicative of recent fluvial sediment 
deposition, showed surficial sediment as a dominantly clay, laminated layer, with underlying 
sediments having more silt material (Figure 5).  Even with the presence of some bioturbation 
within the flood deposit at most sites, the physical stratification and structure of the 2011 flood 
strata is still predominant in the x-radiographs.  The sediment beneath the 2011 flood deposit is 
significantly more bioturbated and characteristic of higher brightness variability resulting from 
more biogenic activity compared to the interpreted flood-deposited sediments (Figure 5). 
 4.3  Organic Matter Characteristics 
 Molar OC/N ratios across all samples have a total range from approximately 8.5 to 12.2.  
Sites located near the Mississippi Delta range from 9 to 12.2 (Figure 6A).  OC/N ratios vary with 
core depth, but the highest values (11.0 to 12.0) are present at the proximal site (e.g., sample on 
the delta front).  An overall decreasing trend is observed with distance from the delta (Figure 
6A).  A more distal site (e.g., Site 7, located in deeper water (~90 m)) shows slightly lower ratios 
(10.5 to 11.2) and higher variation with core depth.  The canyon site (e.g., 20), located in the   
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Figure 5.  Interpretation of flood deposit thickness at Site 1.  This shows an example of how the sedimentological and geochemical characteristics of the 2011 
flood deposit were described and interpreted compared to underlying shelf sediments.  2011 flood sediments were characteristic of high porosities, low 
bioturbation, and 
7
Be activities with a subtle shift in sand content observed in coarser underlying sediments.  The flood deposit thickness at Site 1 was interpreted 
as 4 cm, which is represented by the horizontal red line.
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deepest water (~500 m) and farthest distance (~65 km) from the distributary mouth, displays the 
lowest ratios. 
However, OC/N ratios are different near the Atchafalaya Delta.  Compared to the 
Mississippi sites, the Atchafalaya sites are characterized by having lower OC/N ratios and less 
variation with depth (Figure 6B).  It is important to note that no proximal sites on the 
Atchafalaya Delta were sampled due to the shallow depths of this system.  The OC/N ratios 
show somewhat regular variation with depth, limited within a range of 8.5 to 10.0.  The 
Atchafalaya Delta OC/N ratios from this study coincide with a previous study that recorded a 
similar narrow range (9.0 to 11.0) of OC/N ratios at distal Atchafalaya River sites (Gordon et al., 
2001).   
This study also shows δ13C values near the Mississippi Delta to have a total range from -
24.5 to -21.0‰ (Figure 6C).  Variation with depth is evident, and δ13C values increase away 
from the Mississippi River mouth.  The proximal site (e.g., 59), closest to the river mouth, shows 
the most depleted values (-24.5 to -23.1‰) at a water depth of ~30 m.  The more distal site (e.g., 
7) shows slightly more enriched δ13C values (-23.0 to -21.5‰) at a location in deeper water 
depth (~90 m) and farther distance (~35 km) relative to the Mississippi River mouth.  The 
canyon site (e.g., 20) shows the most enriched values (-22.3 to -21.0‰).  A dominant fluvial 
source at sites proximal to the Mississippi River mouth is suggested and dissipates rapidly 
offshore.   
Downcore δ13C values at distal Atchafalaya River sites do not show much prominent 
spatial trends or depth variations (-23.0‰ ± 0.5) (Figure 6D).  The δ13C values from this study 
coincide with the previously reported range of δ13C values (-23 to -21‰) at distal Atchafalaya 
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Figure 6.  Evaluating organic matter content.  The data display down-core trends of OC/N ratios for cores near the Mississippi Delta (A) and Atchafalaya Delta 
(B).  Results help distinguish the sediment source of the 2011 flood deposit.  Ratios are greatest within the proximal site of Mississippi River cores (A) 
suggesting a terrestrial influence of organic matter.  A variable marine signal is present throughout each Atchafalaya River core (B) suggesting a different 
sediment source compared to Mississippi sites.  Down-core trends of δ13C for cores near the Mississippi Delta (C) and Atchafalaya Delta (D) show similar trends 
and sediment source interpretations to OC/N ratios.  Lower δ13C values within the proximal site of Mississippi cores (C) suggest a terrestrial influence. 
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River sites (Gordon et al., 2001).  However, Gordon et al. (2001) stated that depleted δ13C values 
typical of C3 plant debris (-27‰) were observed closer to the mouth of the Atchafalaya River, 
but became more enriched offshore at distal sites emphasizing that the distribution and spatial 
variability of fluvial sediments have an important role influencing the accumulation and burial of 
organic matter.    
  
5.  DISCUSSION 
5.1 Identification and Character of the Flood Deposit 
In order to accurately identify and interpret the thickness and sedimentological 
characteristics of the 2011 Mississippi River flood sediments, specific sedimentological criteria 
were defined to assist 
7
Be interpretations.  A previous study reported that sedimentological 
differences (e.g., texture, color) between the 2011 Mississippi River flood deposit and underlying 
sediments within the Louisiana wetlands proved useful and were readily distinguishable when 
geochemical analyses were inconclusive for stratigraphic interpretation (Khan et al., 2013).   
Previous flood deposits on continental shelves have been reported to have both distinct 
sedimentological and geochemical signatures and be useful for stratigraphic interpretations 
(Sommerfield et al., 1999; Allison et al., 2000; Palinkas et al., 2005).  Palinkas et al. (2005) 
showed that the 2000 flood event on the Po River margin deposited a distinct, physically 
stratified sediment layer with uniform 
7
Be activities, composed of fine-grained sediments with a 
mean grain size of 2.4 μm, and had a poorly sorted sediment distribution.  It was determined that 
the flood-derived sediment layer on the Po margin was characteristic of flocculated sediment 
(Kranck and Milligan, 1991) observed in the Po River (Fox et al., 2004).  Sommerfield et al. 
(1999) and Wheatcroft and Borgeld (2000) reported a flood deposit on the Eel River shelf to be 
relatively fine-grained, having a mean grain size of coarse clay (~3 μm) and a clay content as 
much as two times ambient shelf surface sediments; the grain size of flood sediment had minimal 
spatial variability.  The shelf-deposited Eel River flood sediment also displayed high porosities 
(>85%) and low sand content (<5%) and exhibited primary depositional fabric observed in x-
radiographs, often with a sharp stratigraphic contact between the flood sediment and the coarser 
underlying sediment (Sommerfield et al., 1999; Wheatcroft and Borgeld, 2000; Wheatcroft et al., 
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2006).  The high porosities account for the low dry bulk densities (<0.5 g/cm
3
) also commonly 
reported for flood-deposited sediments (Wheatcroft et al., 2006).  In this study, physically 
stratified, fine-grained (>50% clay and <5% sand) sediments with high porosities (>80%), and 
low dry bulk densities (<5 g/cm
3
) were observed within all 2011 flood sediments.  When 
coinciding with 
7
Be activities, it was inferred that flood-deposition from the 2011 Mississippi 
River flood had occurred at selected areas in the northern Gulf of Mexico (Figure 4).   
The geochemical (e.g., 
7
Be and organic matter composition) and sedimentological (e.g., 
grain size, porosity, and bulk density) characteristics of the 2011 Mississippi River flood deposit 
are helpful tools for identifying the flood strata.  Interpreting the geochemical and 
sedimentological data together help identify the flood deposit where stratigraphic changes occur 
at corresponding depths.  The maximum penetration depths of 
7
Be generally relate to similar 
depths of grain size and sediment density changes (x-radiographs).     
Grain size and x-radiography are useful proxies to characterize and identify the flood 
sediments since fine-grained sediment and density differences in x-radiographs are common 
indicators of flood strata (Bentley and Nittrouer, 2003; Wheatcroft, 2006; Wheatcroft et al., 
2006).  With steady fair-weather conditions, rapid sediment deposition should have resulted with 
a relatively simple/homogenous internal stratigraphic structure of the 2011 flood deposit.  
Subsequent resuspension-deposition episodes will likely lead to more efficient sorting of the 
flood sediments (McKee et al., 2004).  Consistent with this, the flood sediments showed 
relatively modest brightness variability in x-radiographs, compared to ambient shelf sediments, 
due to the lack of well-developed biogenic structures via infauna activity (Wheatcroft et al., 
2006).  The grain size and density of the 2011 flood deposit is comparable to the physical 
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sediment characteristics of other flood deposits previously studied on the Po and Eel River 
shelves (Palinkas et al., 2005; Wheatcroft et al., 2006), and contrasts well with coarser grain 
sizes depicted in hurricane deposits resulting from the resuspension of previously deposited 
sediment (Allison et al., 2005; Dail et al., 2007; Goñi et al., 2007).     
The time period between peak flooding and sample collection was approximately 2 
months (Figure 2), which was long enough to potentially start the re-colonization of benthic 
communities (Bentley and Nittrouer, 2003).  However, little modification of the flood deposit at 
the time of sampling had yet occurred.  Yeager et al. (2004) reported that macrofaunal density 
can influence radioisotope inventories as enhanced mixing and adsorption more efficiently 
incorporates radionuclides through the upper sediment column.  Resulting misinterpretations of 
the flood deposit, such as over-estimating flood deposit thickness, are possible if biogenic 
mixing extends the depths at which radioisotope activities are detected.  Biogenic mixing has 
also been observed to have the potential to destroy the sedimentary fabric of previous hurricane 
deposits on the Louisiana shelf (Bentley et al., 2002).  The following equation was used to 
calculate a mixing rate (from Aller and Cochran, 1976) to help determine how biogenic mixing 
may have potentially affected geochemical and physical characteristics of the flood deposit 
before sampling: 
Db = L * va 
where Db is the particle mixing coefficient (cm
2
/year); L is the mixing layer depth (cm), and va is 
the apparent sedimentation rate (cm/year).   
This study calculated an average Db value on the Louisiana shelf to be 16.9 cm
2
/year 
following the 2011 flood (Table 1), close to previously determined values ranging from 2 to 30 
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cm
2
/year on the Louisiana shelf (Yeager at al., 2004).  The particle mixing coefficient was 
calculated only at 12 sites (shown in Table 1) due to the relatively short amount of time (~ 2 
months) at which 
234
Thxs could be detected after sample collection.  High spatial variability can 
be observed between the particle mixing coefficients at individual sites (Table 1).  A maximum 
mixing layer depth was calculated after dividing the average particle mixing coefficient (16.9 
cm
2
/year) by the minimum (0.8 cm/month) monthly 
7
Be derived sedimentation rate for the 
Louisiana shelf, previously determined by Corbett et al., (2004).  A maximum mixing layer 
depth of approximately 2 cm was determined, meaning that the physical structure of the 2011 
flood deposit was potentially modified up to a depth of approximately 2 cm before sample 
collection was conducted (Table 1).  This provides a conservative upper limit at which the  
Table 1.  Biogenic mixing proxies.  Values for the particle mixing coefficient (Db, cm
2
/year) and mixing layer depth 
were calculated to evaluate the effect of biogenic mixing on the 2011 flood deposit’s geochemical and 
sedimentological characteristics.   
Particle Mixing Coefficient 
(Db, cm
2
/year) 
Sample Site 
Site Db, 
(cm
2
/year) 
Site 1 41.4 
Site 2 23.3 
Site 5 11.0 
Site 7 6.8 
Site 12 10.2 
Site 13 36.5 
Site 14 22.9 
Site 15 5.8 
Site 17 12.3 
Site 18 3.6 
Site 20 11.7 
Site 21 17.1 
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geochemical signature of the flood sediments was possibly modified due to bioturbation.  Any 
7
Be activity beyond 2 cm sediment depth is likely primarily associated with the deposition of 
2011 flood sediments, although localized deep burrowing is impossible to rule out.  Any 
7
Be 
activity ranging from 0 to 2 cm depth (if above an inventory of atmospheric deposition) still 
suggests that fluvial sediments were deposited; however, the difference between a 1-2 cm thick 
layer of flood strata could not confidently be determined.  Palinkas et al. (2005) calculated a 
similar mixing layer depth (~3 cm) for a flood deposit on the Po River margin that has similar 
depositional characteristics (i.e., deposit thickness, shelf environment) compared to the 2011 
Mississippi River flood deposit.  Under steady-state conditions, rapid bioturbation of sediments 
on the Louisiana shelf is generally limited to a depth of 5 to 7 cm below the sediment-water 
interface (Yeager et al., 2004; Bentley et al., 2000).  Due to the likely small influence of biogenic 
mixing at the time of sampling, the penetration depths of radioisotope activities and sedimentary 
characteristics of the flood deposit are thought to be mainly associated with the 2011 Mississippi 
River flood.  Minimal modification of the flood deposit at the time of sampling ensures a high 
fidelity and accuracy of the geochemical and sedimentological characteristics associated with the 
2011 flood, although preservation of the flood deposit on an annual time scale is not likely.   
5.2  Spatial Distribution of the Flood Deposit 
Post-flood sediment deposition on the Louisiana shelf was variable and related to pre-
sampling fluvial and oceanographic conditions.  Kolker et al. (2014) provide insight into how 
physiographic conditions mainly influenced the transport pathways of the Atchafalaya and 
Mississippi River systems.  Areas that received the most flood deposition were those in close 
proximity to distributary river mouths and down-drift of coastal currents.  The pattern of flood 
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layer thickness supports that the Mississippi River was the primary source delivering 
7
Be to the 
shelf (Figure 4), rather than atmospheric deposition which would likely show more uniform 
inventories.  Areas of focused flood deposition near the Mississippi and Atchafalaya Deltas show 
a net gain of 
7
Be (i.e., inventories above atmospherically supplied levels) by means of greater 
import of 
7
Be sediment-laden flood material supplied by the 2011 flood.  Most of the 2011 flood 
deposition was identified within 30 km of the Mississippi and Atchafalaya distributary outlets, 
which is consistent with the hypothesized range of initial deposition on the Louisiana shelf 
proposed by Corbett et al. (2004).  It is expected that thicker deposits are likely present in water 
depths shallower than that sampled in this study and directly adjacent to river mouths (Falcini et 
al., 2012; Khan et al., 2013; Kolker et al., 2014).  The higher retention of the flood deposit in 
shallow-shelf water depths suggests strong flocculation of the fine-grained river sediment 
occurred, causing rapid sediment deposition during low energy periods.  Supported by the strong 
correlation between the flood deposit (Figure 4) and the extent of the Mississippi River surface 
sediment plume observed in satellite imagery (Figure 1A), it appears the dominant mode of 
flood-material deposition on the shelf was direct fallout from the hypopycnal river plumes.  The 
mode of the 2011 flood sedimentation closely resembles the emplacement of flood deposits on 
the Po River continental shelf where flood deposit thickness, the proximity and extent of the 
flood deposit on the shelf, and influences from shelf parameters (i.e., waves, currents, shelf 
morphology) are similar (Palinkas et al., 2005).  Both of these system studies, as well as the 
work on the Eel River margin, demonstrate how sediment deposition associated with floods may 
be stratigraphically and geochemically significant (Sommerfield et al., 1999; Wheatcroft and 
Borgeld, 2000; Allison et al., 2000; Palinkas et al., 2005; Wheatcroft et al., 2006).  Similarities 
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are also seen compared to the Gulf of Papua where the majority of the sediment load is suggested 
to be sequestered on the inner shelf during the more quiescent monsoon period (Walsh et al., 
2004).  This near-river sedimentation behavior has been hypothesized to occur in proximal-
accumulation-dominated (PAD) systems (Walsh and Nittrouer, 2009), such as the Mississippi 
and Atchafalaya Deltas.  Walsh and Nittrouer (2009) describe PAD systems as rivers that 
discharge into open water with small wave and tidal conditions, exhibit focused sediment 
deposition proximal to the distributary mouth, and produce time-varying shelf depocenters.   
No evidence of flood deposition was observed in the Mississippi Canyon, supporting the 
notion that the deposition was restricted to nearshore and the shelf.  Subsequent remobilization 
by sediment gravity flows or diffuse bottom-boundary layer transport can assist sediment 
transport to the deeper shelf and slope (e.g., Mississippi Canyon).  It is possible for river floods 
to influence sediment gravity flows in submarine canyons as described in the Var River system 
(Khripounoff et al., 2009), but not likely in the case of the Mississippi River.  The extent of flood 
deposition in the Mississippi Canyon is limited by its significant distance from the river mouth.  
The Var, Sepik, and Ganges-Brahmaputra margins illustrate the potential extent and significance 
of sediment transport through submarine canyons, where they act as a major influence on the 
fluvial sediment budget.  The Sepik and Ganges-Brahmaputra Rivers can lose as much as 90 and 
30% of their respective sediment loads to the deep sea by means of submarine canyons (Kuehl et 
al., 1989; Kuehl et al., 1997; Goodbred and Kuehl, 1999; Walsh and Nittrouer, 2003).  
Conversely, 2011 Mississippi River flood deposition acted as an important source of new 
material for Atchafalaya and Mississippi subaqueous clinoform growth.   
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In comparison, the highly energetic and currently progradational systems of the Amazon, 
Yellow, and Ganges-Brahmaputra Deltas influence sediment fluxes that are not characteristic of 
the Mississippi Delta causing differences in clinoform shape (Pirmez et al., 1998).  Hyperpycnal 
flows (e.g., gravity flows, fluid muds) that redistribute previously deposited shelf sediments have 
been shown to be a significant means for across-shelf sediment transport on the Amazon, 
Yellow, and Ganges-Brahmaputra margins and are essential for the clinoform growth of these 
deltas (Wright and Friedrichs, 2006).  The sediment gravity flows on the Amazon, Yellow, and 
Ganges-Brahmaputra Deltas can transport fluid muds seaward from the topset to the foreset of 
each clinoform at approximately annual cycles producing a clinoform shape characteristic of a 
broad, gently sloping topset with maximum slopes occurring at shallower depths, compared to 
the geomorphologic geometry of the Mississippi clinoform (Pirmez et al., 1998).  These 
differences in clinoform shape show the significance of how progradational clinoforms reflect 
the interaction of sediment source dynamics and mode of sediment dispersal (Cattaneo et al., 
2007).  In the Mississippi system, the rapid near-river accumulation largely driven by river flood 
deposition is likely responsible for the steep delta front morphology (Coleman et al., 1988). 
The enhanced sedimentation located southwest of Atchafalaya Bay is consistent with 
previous work on the shallow clinoform (Draut et al., 2005a, 2005b; Kineke et al., 2006).  The 
mode of flood deposition near the Atchafalaya Delta is also consistent with the observations 
reported by Neill and Allison (2005), which showed the majority of sediment discharged from 
the Atchafalaya River to be deposited in water depths less than 10 m evidenced by sediment 
accumulation rates significantly decreasing from the distributary mouth (>3 cm/year) toward the 
adjacent shallow shelf (<0.9 cm/year).  A mud stream has also been described that transports the 
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majority of the suspended sediment load of the Atchafalaya River, which contains large 
quantities of fine particles (Wells and Kemp, 1981) westward along the coast roughly parallel to 
the 10 m isobath resulting in a zone of finer sediment to be deposited along the coast rather than 
offshore (Gordon et al., 2001).  Deeper 
7
Be penetration depths offshore of the Atchafalaya River 
likely reflect redistributed sediment originally from the inner shallow shelf and is not likely a 
direct source of flood deposition.  Kolker et al. (2014) reported that the 2011 flood efficiently 
resuspended and transported sediments from the inner Atchafalaya shelf to the middle 
continental shelf, giving false impressions that the addition of new fluvial material caused the 
deeper 
7
Be signal near the 25 m isobath.  A similar mode of flood deposition was evaluated on 
the energetic Eel River shelf where flood sediment was initially sequestered on the inner shelf 
and sequentially transported off-shelf by density-driven fluid-mud flows (Wheatcroft and 
Borgeld, 2000).  Thus, the Atchafalaya shelf is likely more characteristic of redistributed, 
resuspended relict inner-shelf sediments as the key source for clinoform growth as opposed to 
flood deposition being the primary source of new material for clinoform growth on the 
Mississippi Delta (Neill and Allison, 2005).  The difference in sediment source and transport 
supports the idea that the sediment dynamics near the Atchafalaya Delta more closely resembles 
the depositional systems of the Amazon, Yellow, Ganges-Brahmaputra, and Eel River margins 
(Kuehl et al., 1996; Wheatcroft and Borgeld, 2000; Neill and Allison, 2005; Wright and 
Friedrichs, 2006) and does not follow typical sedimentation trends associated with the relatively 
calm oceanographic conditions on the Louisiana shelf (Wright and Nittrouer, 1995).   
Studies that use 
7
Be as an indicator of fluvial sediment deposition should consider 
potential anomalistic conditions when estimating sedimentation rates or depth of deposition.  
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Maximum 
7
Be penetration depths can be over-estimated due to biogenic and physical mixing, 
but few studies have evaluated the potential under-estimation of event deposits due to limited 
7
Be adsorption or the new deposition of old sediments.  The sedimentological data still portrays 
the presence of flood sediment near both distributary river mouths, but the variation in 
7
Be 
inventories may be caused by the inefficiency of 
7
Be adsorbing to soil particles during flooding 
(Palinkas et al., 2005).  Such a case is possibly seen to the west of the Atchafalaya River mouth 
where flood deposit thickness is estimated to be greatest.  Here, x-radiographs show very thick 
laminated deposits of high-porosity mud, reflective of new deposition, and 
7
Be inventories are 
lower (2 to 3 dpm/cm
2
) compared to 
7
Be inventories adjacent to the Mississippi River mouth (3 
to 6 dpm/cm
2
).  It is notable that 
7
Be also adsorbs poorly to coarser-sized sediments (Olsen et al., 
1986), and relict sand shoals are common on the inner Atchafalaya clinoform (Allison et al., 
2000), but this is not likely to be a factor as the shelf deposits are generally fine-grained.  Rather, 
because of ephemeral, in-channel alluvial storage, sediments discharged in the early stages of the 
flood should be depleted in 
7
Be and thus not accounted for in 
7
Be interpretations (Palinkas et al., 
2005).  Further analysis is needed to understand possible processes creating variation when using 
geochemical tracers and will ultimately assist in more accurate stratigraphic interpretations.  A 
multi-disciplinary approach is best suited for studies using 
7
Be as a geochemical tracer to help 
minimize misinterpretation.  Recent studies have used methods that may complement the use of 
7
Be to detect flood sediments.  Khan et al. (2013) successfully described flood sediments in a 
deltaic wetland environment using changes in diatom assemblages (centric:pennate ratio).  
Polycyclic aromatic hydrocarbons can also be used to evaluate shelf sedimentation with the 
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specific ratio of naphthalene to benzo[a]pyrene suggested to vary with depth below the sediment-
water interface as a function of flooding (Mitra et al., in prep).   
5.3  Hurricane vs Flood Deposits 
Regarding stratigraphic interpretations, hurricane deposits can show depositional 
similarities to flood deposits due to high 
7
Be inventories and density variations within x-
radiographs (Dail et al., 2007) that resemble fining-upward sequences commonly associated with 
flood deposits.  Hurricane deposits are also characterized by few biogenic structures with 
physical laminations creating a sharp contact between the deposit and underlying sediment.  
However, Dail et al. (2007) showed an increase in 
7
Be inventories on the mid-Louisiana shelf 
after Hurricane Ivan while 
234
Thxs stayed consistent to pre-Ivan conditions suggesting higher 
7
Be/
234
Thxs post-Ivan ratios were the result of fluvial material initially deposited on the inner 
shelf being resuspended and transported to deeper depths.  Further evidence shows that the 
composition of organic material within the Hurricane Katrina and Rita deposits on the Louisiana 
shelf had a strong marine influence and no compositional changes between pre- and post-storm 
sediments, suggesting deposition of resuspended shelf sediments (Goñi et al., 2007).  Very high 
near-bed suspended-sediment concentrations from resuspension also may trigger sediment 
gravity flows at the waning periods of hurricane activity, which can provide a significant means 
of sediment transport on continental shelves (Allison et al., 2005; Walsh et al., 2006).  However, 
as discussed above, the mode of sediment transport is different during periods of flooding.  In 
fact, increased river discharge can dilute nearshore suspended-sediment concentrations resulting 
in less opportunity for sediment gravity flows related to flooding (Wright and Friedrichs, 2006).  
The direct fallout of sediments from the hypopycnal plume with limited hydraulic sorting 
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produces homogenous mud laminations, like those seen in x-radiographs (Figure 5).  This 
process is key in determining the spatial variability of flood deposition across the shelf (McKee 
et al., 2004) and cannot explain the complex laminated sand-rich beds seen after Hurricanes 
Ivan, Katrina and Rita.  The source of new sediment and mode of sediment deposition from the 
2011 flood caused stratigraphic characteristics that can be used to differentiate the flood strata 
within the stratigraphic column from other event deposits and increased the spatial variability of 
the flood sediments across the shelf.   
5.4  Organic Matter Signature of the Flood Deposit 
The OC/N ratios and δ13C values at sites proximal to the Mississippi River are 
respectively greater and more depleted than marine and resuspended shelf sediments suggesting 
more terrestrial influence (Figure 6).  This information coupled with 
7
Be penetration suggests the 
deposition of new fluvial material in many areas.  It is notable that the intriguing OC/N signal 
spike seen in the canyon site at approximately 6 cm (Figure 6A) is not associated with the 2011 
flood.  Rather, because the excursion is to levels similar to site 7, it is most likely evidence of 
off-shelf sediment supply from past hurricane activity (Figure 6A); surficial sediment returned to 
a higher marine OC/N signal.  Similarly, in δ13C, a terrestrial deviation is also seen at 
approximately 9 cm depth in the canyon site, but this is also likely an influence from past 
hurricane sedimentation (Figure 6C).  The offshore OC/N and δ13C trends at Mississippi sites 
support the 
7
Be data that the influence of flood-related sediments is limited in its offshore extent 
on the continental shelf with larger deposition likely located at shallower depths directly adjacent 
to the Mississippi River mouth.   
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The downcore pattern of OC/N ratios and δ13C values near the Atchafalaya River (Figure 
6B and D) represent a stronger marine signal resulting from the resuspension and redistribution 
of sediments, likely originating from the inner Atchafalaya shelf, being transported offshore.  
The lack of an offshore trend of OC/N ratios and δ13C values at Atchafalaya River sites is 
possibly related to the limited sampling of this study adjacent to the Atchafalaya Delta.  Gordon 
et al. (2001) suggested that the lack of any significant changes in sediment geochemistry at distal 
Atchafalaya sites may be due to limited terrestrial influence and active organic matter turnover 
by microorganisms and benthic fauna, where evidence of bioturbation is present at offshore sites 
(Allison et al., 2000) and may explain the lower sedimentary OC and N contents.  Gordon and 
Goñi (2004) also described the organic matter on the distal Atchafalaya shelf to be isotopically 
enriched and more soil-derived.  Overall, the differences in OC/N ratios and δ13C between the 
Mississippi and Atchafalaya Deltas point towards differences in sediment source or variations 
resulting from differences in mode of transport.   
The bulk organic matter composition data show a perfect illustration of terrestrial and 
marine mixing and how it varies between the Mississippi and Atchafalaya Rivers (Figure 7).  
There are discernible trends in organic matter composition across sites as some differences in 
organic matter composition are visible.  However, the data do not reveal a prominent difference 
between 2011 flood and non-flood sediments.  Non-flood sediments are defined in this study as 
core subsamples that exist below the base of the 2011 flood strata.  There are variable inputs of 
terrestrial and marine organic matter on the shelf, which can potentially increase the variability 
of the organic matter signature within the 2011 flood sediments.  Therefore, the bulk organic 
matter composition indices used in this study cannot efficiently distinguish and solely identify  
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Figure 7.  Tracers of sediment source.  The composition of organic matter suggests the source of sediment.  This graph is a perfect illustration of terrestrial and 
marine mixing and how it varies between the Mississippi and Atchafalaya Rivers. 
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the 2011 flood strata.  The dynamic fluvial processes of the Mississippi and Atchafalaya Rivers 
as well as the shelf dynamics can influence the processing and hydrodynamic sorting of riverine 
particles, and in turn affect the fate of terrestrial organic matter and other geochemical cycling 
(e.g., oxygen) in the northern Gulf of Mexico (Gordon and Goñi, 2004).   
5.5  2011 Flood Deposit Sediment Budget 
Combining all geochemical and sedimentological data, an overall representation of the 2011 
flood deposit on the Louisiana shelf was produced (Figure 8).  Data at each site were interpreted 
together to estimate a flood thickness depth.  Areas of highest interpreted deposit thickness 
follow the same trend as 
7
Be inventories and penetration depths (Figures 4).  However, the 
sedimentological data (e.g., grain size, dry bulk density, x-radiographs) suggest a thinner flood 
deposit along the 25-m contour offshore from the Atchafalaya River mouth compared to 
7
Be 
penetration depths.  The flood deposit near the Atchafalaya River was mainly restricted to the 
inner shelf limiting the extent of initial flood deposition reaching the mid-shelf.  The compilation 
data show the thickness ranged from 0 to 8 cm.  Deposits are greatest (4-8 cm) on the inner shelf 
southwest of the Atchafalaya Bay, intermediate (2-6 cm) at the Mississippi subaqueous delta, 
and low (0-2 cm) on the middle shelf (Figure 8).  These observations correspond with the 2011 
flood deposition observed in the coastal wetlands (0-8.3 cm) (Falcini et al., 2012; Khan et al., 
2013) and inner continental shelf (2-11 cm) (Kolker et al., 2014).  As discussed above, the mode 
and variability of flood deposition on the Louisiana shelf is primarily influenced by the location 
of sediment inputs and physical oceanographic conditions (e.g., waves and currents) which 
collectively influence surface plume dynamics.   
The extent of total flood deposition on the Louisiana shelf was calculated using a 
  
43 
 
 
Figure 8.  Overall representation of the 2011 Mississippi River flood deposit.  The compilation of all data 
(geophysical and sedimentological) were used to interprete flood layer thickness at each site.  Numbers inside the 
squares refer to site number, while color reflects flood deposit thickness (A).  Interpolated flood deposit thickness 
depths are contoured across the shelf with site specific values labeled within the circles (B). 
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volume-mass relationship (Sommerfield et al., 1999): 
M = ρ(1 – Φ)V 
where M represents total sediment mass, ρ is the sediment density (assumed to be 2.65 g/cm3), Φ 
is the average porosity of the flood deposit (0.85), and V is the sediment volume of the flood 
deposit (1.8x10
8
 m
3
) calculated using the surface area within the study area boundary and the 
integrated area of flood deposit thickness below the sediment-water interface (Figure 8B).  The 
2011 Mississippi River flood deposited approximately 80 ± 30 Mt of sediment on the Louisiana 
shelf.  The range of error represents ± 1 cm compared to the flood deposit thickness 
interpretations shown in Figure 8.  This amount of material corresponds with another 
independent study that estimated a total sum of approximately 72 Mt of fluvial sediment was 
discharged from the Atchafalaya and Mississippi Rivers onto the Louisiana shelf during the 2011 
flood period (Kolker et al., 2014).  The flood sediment budget from this study (80 ± 30 Mt) is 
considered a minimum estimate, as it only accounts for fine-grained material.  In addition, 
deposition of 
7
Be-depleted sediments stored within the river channel before being flushed by the 
flood would have non-detectable 
7
Be activities (assumed to be zero) by the time of sample 
analysis that could potentially result with interpretations of flood deposit thickness that are 
smaller than that deposited (Palinkas et al., 2005; Allison et al., 2012). 
Even though the 2011 flood deposit was largely limited to the inner shelf in this study, 
the flood still delivered a significant amount of sediment and proves to be an important 
contributor to event-driven sedimentation.  The flood deposit represents approximately 47 ± 17% 
of the average annual sediment load (172 Mt; Meade and Moody, 2010) in the Mississippi River.  
This is greater, but on the same order of magnitude, compared to the 2011 flood deposition on 
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wetland environments as shown by Khan et al. (2013), who estimated that the 2011 flood 
deposited 12.6 ± 9 Mt of sediment on Louisiana deltaic wetlands causing an associated 
coastwide-averaged flood accumulation rate of 0.9 ± 0.2 g cm
-2
.  The data from Khan et al. 
(2013) account for approximately 7 ± 6% of the average annual Mississippi River sediment load 
and approximately 56% of the annual sediment accumulation rate (1.6 ± 0.3 g cm
-2
) on Louisiana 
deltaic wetlands.  The strong flocculation, subsequent rapid sediment deposition, and opening of 
the Morganza Spillway following the 2011 flood were key influences that lead to greater 
sediment accumulation in Louisiana wetlands and the continental shelf.  Results from Falcini et 
al. (2012) further support that the 2011 flood deposition was mainly influenced by the 
hydrodynamic characteristics of sediment plumes associated with the Atchafalaya and 
Mississippi Rivers.  The spatial distribution of the flood deposit on the shelf also agrees with 
previous observations of the Atchafalaya Delta depositing a thicker flood deposit compared to 
the Mississippi Delta (Falcini et al., 2012; Khan et al., 2013; Kolker et al., 2014) due to the 
opening of flood diversions increasing overbank flow and the shallow shelf setting of the 
Atchafalaya River.  The Mississippi River system discharges into deeper water with a faster jet-
like plume (Wright and Coleman, 1974), which is thought to result in greater sediment dispersal 
over the continental shelf (McKee et al., 2004).  This difference has influenced wetland growth 
near the Atchafalaya River mouth and wetland loss near the Mississippi River mouth (Gagliano 
et al., 1981; Coleman et al., 1988; Roberts, 1997; Reed, 2002; Day Jr. et al., 2007).   
Compared to hurricane-induced sedimentation previously deposited on the Louisiana 
shelf, the amount of post-flood deposition is much less.  Goñi et al. (2007) estimated that 
Hurricanes Katrina and Rita in 2005 combined for 1200 million tons of sediment deposition on 
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the shelf that was primarily composed of redistributed pre-existing shelf sediments.  Comparing 
flood- and hurricane-induced sedimentation, the extent of 2011 flood deposition accounts for 7% 
of the sedimentation that is associated with the 2005 hurricanes.  However, the 2011 river flood 
delivered new fluvial material onto the shelf that led to a net gain of sediment deposition.  The 
2005 hurricanes were two of the strongest hurricanes recorded in the Gulf of Mexico, potentially 
indicating the 2011 flood deposit might be more comparable to weaker, average decadal-scale 
category hurricanes previously recorded in the Gulf of Mexico.  Flood deposition still provides a 
significant influence to the Louisiana shelf as floods occur much more frequently than strong 
hurricanes (Keen et al., 2006).  This is important as flood input is the primary source of new 
material that drives biogeochemical cycles, such as carbon sequestration (McKee et al., 2004), 
rather than redistributing resuspended shelf sediments.   
  
6.  CONCLUSIONS 
This study provides insight into the post-depositional processes on the Louisiana shelf 
affecting flood-event strata and associated stratigraphic characteristics.  The 2011 Mississippi 
River flood provided a unique opportunity to assess the emplacement and modification of a flood 
deposit on the adjacent Louisiana shelf, which is important to evaluate the significance of flood 
deposition as a means of building the sedimentary record and affecting geochemical processes.  
The main conclusions of this study are the following: 
1)  Geochemical and sedimentological characteristics of the flood-derived sediments 
defined stratigraphically distinct deposits on the shelf.  The spatial distribution of the 2011 flood 
deposit was limited on the shelf.  Thickest measured deposits (8 cm) were found along the inner 
shelf southwest of the Atchafalaya Bay.     
2)  Based on OC/N ratios and δ13C, a greater terrestrial influence is seen in the 2011 flood 
deposit characterized by larger OC/N ratios and depleted δ13C values, but this signature rapidly 
dissipates offshore from the distributary river mouths and into the seabed.   
3)  Sediment transport (e.g., surface plume dynamics) and biological processes (e.g., 
seabed mixing) on the Louisiana shelf were found to influence the mode of sediment deposition, 
to introduce spatial variability in sediment deposition, and to be important to sediment 
reworking.  Flood deposition as a significant source of new sediment is critical for seabed growth 
of the Mississippi and Atchafalaya Deltas; however, both systems are known to be significantly 
influenced by sediment remobilization. 
4)  Even with flood deposition limited to shallower nearshore areas, the magnitude of 
flood sediment deposited was still significant compared to average steady-state conditions.  A 
minimum estimate of 80 ± 30 Mt of sediment was deposited on the Louisiana shelf following the 
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2011 Mississippi River flood, which accounts for approximately 47 ± 17% of the average annual 
sediment load in the Mississippi River.  The 2011 flood deposited much less sediment compared 
to the previous 2005 hurricane deposits, but the flood deposit provided a net gain of fluvial 
sediments on the shelf.   
The significance of the 2011 Mississippi River flood deposit suggests that flood 
deposition should not be overlooked as a key component to sedimentation on the Louisiana 
continental shelf.  Future emphasis should be focused on the sequential timing of physical 
forcing factors affecting event-driven sedimentation to provide further insight on the transport 
and fate of fluvial materials, which will ultimately improve source-to-sink interpretations.  
Analysis of the factors influencing the emplacement and modification of the 2011 flood deposit 
leads to better knowledge of how the extent and magnitude of flood deposition contributes to 
event-driven sedimentation and can act as a Rosetta stone to help interpret the stratigraphic 
record and clinoform growth on the Louisiana and other continental shelves.   
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Grain Size Analysis 
X = Individual analyzed sample 
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Organic Matter Analysis 
 
X = Individual analyzed sample 
  
Appendix B: Site Logs 
Site ID Delta 
Latitude 
(DD) 
Longitude 
(DD) 
Water 
Depth 
(m) 
Shelf 
Environment 
CH0811-S1 Mississippi 28.77781667 -89.40861667 89 Mid Shelf 
CH0811-S2 Mississippi 28.94170000 -89.49468300 37 Mississippi Mouth 
CH0811-S3 Mississippi 28.96498333 -89.53416667 37 Mid Shelf 
CH0811-S4 Mississippi 28.95995000 -89.70750000 46 Mid Shelf 
CH0811-S5 Mississippi 28.89555000 -89.69506667 56 Mid Shelf 
CH0811-S6 Mississippi 28.86933333 -89.88946667 41 Mid Shelf 
CH0811-S7 Mississippi 28.74858333 -89.58993333 86 Mid Shelf 
CH0811-S8 Mississippi 28.81560000 -89.51786667 70 Mid Shelf 
CH0811-S9 Mississippi 29.08743333 -89.92821667 18 Shallow Shelf 
CH0811-S10 Mississippi 29.00493333 -89.84641667 32 Mid Shelf 
CH0811-S11 Mississippi 29.12930000 -89.72960000 18 Shallow Shelf 
CH0811-S12 Mississippi 28.87930000 -89.49768333 28 Mississippi Mouth 
CH0811-S13 Mississippi 28.87968333 -89.52141667 47 Mississippi Mouth 
CH0811-S14 Mississippi 28.84183333 -89.48748333 50 Mississippi Mouth 
CH0811-S15 Mississippi 28.79951667 -89.53031667 80 Mid Shelf 
CH0811-S16 Mississippi 28.81396667 -89.50403333 65 Mid Shelf 
CH0811-S17 Mississippi 28.76196667 -89.48376667 92 Mid Shelf 
CH0811-S18 Mississippi 28.66021667 -89.66101667 97 Outer Shelf 
CH0811-S19 Mississippi 28.72825000 -89.70015000 83 Outer Shelf 
CH0811-S20 Mississippi 28.52888333 -89.79538333 506 Canyon 
CH0811-S21 Mississippi 28.60416667 -89.89826667 358 Canyon 
CH0811-S22 Mississippi 28.75125000 -89.84128333 67 Outer Shelf 
CH0811-S23 Mississippi 28.69893333 -89.99581667 61 Outer Shelf 
CH0811-S24 Mississippi 28.95141667 -90.17191667 17 Shallow Shelf 
CH0811-S25 Mississippi 28.84671667 -90.08398333 29 Mid Shelf 
CH0811-S26 Mississippi 28.63395000 -90.16281667 65 Outer Shelf 
CH0811-S27 Atchafalaya 28.62211667 -90.55175000 19 Mid Shelf 
CH0811-S28 Atchafalaya 28.77001667 -90.96141667 13 Mid Shelf 
CH0811-S29 Atchafalaya 28.80593333 -91.50163333 18 Mid Shelf 
CH0811-S30 Atchafalaya 28.93946667 -91.52646667 12 Mid Shelf 
CH0811-S31 Atchafalaya 28.75000000 -91.71686667 25 Mid Shelf 
CH0811-S32 Atchafalaya 28.98765000 -91.97065000 17 Mid Shelf 
CH0811-S33 Atchafalaya 29.08341667 -92.22530000 15 Mid Shelf 
CH0811-S34 Atchafalaya 28.72626667 -92.20000000 34 Mid Shelf 
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CH0811-S35 Atchafalaya 28.51096667 -92.48315000 46 Mid Shelf 
CH0811-S36 Atchafalaya 28.65885000 -92.48235000 33 Mid Shelf 
CH0811-S37 Atchafalaya 29.53316667 -92.48108333 2 Near-shore 
CH0811-S38 Atchafalaya 29.38448333 -92.48486667 8 Near-shore 
CH0811-S39 Atchafalaya 29.28915000 -92.48658333 9 Near-shore 
CH0811-S40 Atchafalaya 29.46593333 -92.32596667 2 Near-shore 
CH0811-S41 Atchafalaya 29.46601667 -92.23553333 2 Near-shore 
CH0811-S42 Atchafalaya 29.19911667 -92.48416667 14 Mid Shelf 
CH0811-S43 Atchafalaya 29.11491667 -92.48658333 18 Mid Shelf 
CH0811-S44 Atchafalaya 28.52865000 -91.40276667 38 Mid Shelf 
CH0811-S45 Atchafalaya 28.48331667 -90.96383333 32 Mid Shelf 
CH0811-S46 Atchafalaya 28.47215000 -90.45836667 40 Mid Shelf 
CH0811-S47 Mississippi 28.88283333 -89.47456667 9 Mississippi Mouth 
CH0811-S48 Mississippi 28.88866667 -89.46688333 4 Mississippi Mouth 
CH0811-S49 Mississippi 28.84343333 -89.41528333 50 Mississippi Mouth 
CH0811-S50 Mississippi 28.88368333 -89.40106667 28 Mississippi Mouth 
CH0811-S51 Mississippi 28.86656667 -89.38221667 47 Mississippi Mouth 
CH0811-S52 Mississippi 28.86656667 -89.37031667 58 Mississippi Mouth 
CH0811-S53 Mississippi 28.86631667 -89.45876667 26 Mississippi Mouth 
CH0811-S54 Mississippi 28.89920000 -89.47495000 8 Mississippi Mouth 
CH0811-S55 Mississippi 28.93336667 -89.48298333 30 Mississippi Mouth 
CH0811-S56 Mississippi 28.92093333 -89.49380000 33 Mississippi Mouth 
CH0811-S57 Mississippi 28.90035000 -89.49491667 25 Mississippi Mouth 
CH0811-S58 Mississippi 28.87900000 -89.48593333 23 Mississippi Mouth 
CH0811-S59 Mississippi 28.87055000 -89.47688333 25 Mississippi Mouth 
CH0811-S60 Mississippi 28.86130000 -89.46856667 29 Mississippi Mouth 
CH0811-S61 Mississippi 28.85048333 -89.46180000 44 Mississippi Mouth 
CH0811-S62 Mississippi 28.85640000 -89.45181667 34 Mississippi Mouth 
CH0811-S63 Mississippi 28.82980000 -89.46203333 56 Mid Shelf 
CH0811-S64 Mississippi 28.81645000 -89.40848333 67 Mid Shelf 
CH0811-S65 Mississippi 28.85580000 -89.38875000 53 Mississippi Mouth 
CH0811-S66 Mississippi 28.86896667 -89.35726667 60 Mississippi Mouth 
CH0811-S67 Mississippi 28.88050000 -89.33810000 52 Mississippi Mouth 
CH0811-S68 Mississippi 28.88711667 -89.23253333 70 Mid Shelf 
 
 
  
Appendix C: Radioisotope Downcore Activities and Inventories from Gamma 
Spectroscopy 
Core Mid- 
 
Dry Bulk 
7
Be Error 
7
Be Excess 
234
Th Error 
ID Depth Porosity Density Activity (+/-) Inventory Activity (+/-) 
  (cm)   (dpm g
-1
) (dpm g
-1
) (dpm g
-1
) (dpm cm
-2
) (dpm g
-1
) (dpm g
-1
) 
CH0811-
S1 
0.5 0.92 0.21 2.61 0.70   17.24 1.76 
1.5 0.88 0.32 2.53 0.82   9.25 1.40 
2.5 0.81 0.50 0.70 0.64   4.79 1.01 
3.5 0.85 0.40 0.68 0.48   2.37 0.74 
4.5 0.80 0.52 BD BD   1.79 0.78 
5.5 0.82 0.47 BD BD   BD BD 
6.5 0.83 0.46 BD BD   BD BD 
7.5 0.82 0.49 BD BD   BD BD 
8.5 0.81 0.51 BD BD   BD BD 
9.5 0.81 0.50 BD BD   BD BD 
11.5 0.73 0.71 BD BD   BD BD 
12.5 0.76 0.64 BD BD 2.21 BD BD 
                  
CH0811-
S2 
0.5 0.91 0.25 3.40 0.92   10.52 1.22 
1.5 0.87 0.33 0.83 0.62   2.75 0.73 
2.5 0.87 0.35 1.00 0.60   1.97 0.66 
3.5 0.85 0.39 BD BD   BD BD 
4.5 0.85 0.40 BD BD 1.66 BD BD 
                  
CH0811-
S3 
0.5 0.93 0.19 2.21 0.84       
1.5 0.89 0.30 1.60 0.66       
2.5 0.87 0.34 0.89 0.58       
3.5 0.87 0.33 BD BD       
4.5 0.87 0.34 BD BD 1.36     
                  
CH0811-
S4 
0.5 0.88 0.31 1.49 0.50       
1.5 0.86 0.36 0.73 0.38       
2.5 0.86 0.37 BD BD       
3.5 0.86 0.36 BD BD       
4.5 0.85 0.38 BD BD 0.81     
                  
CH0811-
S5 
0.5 0.91 0.25 2.09 0.52   10.77 1.17 
1.5 0.88 0.32 1.67 0.66   3.79 0.97 
2.5 0.87 0.34 1.44 0.47   1.87 0.66 
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3.5 0.87 0.35 1.24 0.79   1.92 0.72 
4.5 0.86 0.38 0.47 0.56   0.13 0.55 
5.5 0.85 0.40 0.16 0.52   BD BD 
6.5 0.84 0.41 BD BD   BD BD 
7.5 0.84 0.43 BD BD   BD BD 
8.5 0.83 0.44 BD BD   BD BD 
9.5 0.83 0.46 BD BD 2.47 BD BD 
                  
CH0811-
S7 
0.5 0.87 0.35 0.69 0.63   17.63 1.95 
1.5 0.84 0.43 0.91 0.32   5.20 0.76 
2.5 0.81 0.49 0.14 0.25   1.11 0.53 
3.5 0.77 0.60 BD BD   0.23 0.50 
4.5 0.74 0.68 BD BD   BD BD 
5.5 0.76 0.63 BD BD   BD BD 
6.5 0.75 0.67 BD BD   BD BD 
7.5 0.75 0.65 BD BD   BD BD 
8.5 0.75 0.66 BD BD   BD BD 
9.5 0.75 0.67 BD BD 0.76 BD BD 
                  
CH0811-
S8 
0.5 0.86 0.37 2.90 0.76       
1.5 0.82 0.48 1.86 0.46       
2.5 0.81 0.51 1.25 0.55       
3.5 0.80 0.52 0.82 0.47       
4.5 0.81 0.51 0.14 0.45 3.36     
                  
CH0811-
S9 
0.5 0.89 0.30 BD BD       
1.5 0.84 0.43 BD BD       
2.5 0.81 0.51 BD BD       
3.5 0.81 0.51 BD BD       
4.5 0.81 0.51 BD BD 0.00     
                  
CH0811-
S12 
0.5 0.86 0.37 2.76 0.59   9.13 1.10 
1.5 0.84 0.43 0.78 1.04   3.44 1.18 
2.5 0.81 0.50 1.01 0.38   3.29 0.63 
3.5 0.79 0.56 0.70 0.27   0.26 0.56 
4.5 0.77 0.61 0.96 0.32   BD BD 
5.5 0.78 0.59 0.57 0.27   BD BD 
6.5 0.78 0.59 0.55 0.26   BD BD 
7.5 0.77 0.60 0.34 0.26   BD BD 
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8.5 0.75 0.66 0.32 0.26   BD BD 
9.5 0.74 0.68 0.33 0.26 4.46 BD BD 
                  
CH0811-
S13 
0.5 0.87 0.34 2.43 0.77   8.60 1.16 
1.5 0.83 0.46 1.98 0.71   2.21 0.84 
2.5 0.77 0.61 1.62 0.66   1.46 0.71 
3.5 0.79 0.57 1.14 0.62   1.32 0.67 
4.5 0.80 0.53 0.91 0.56   1.78 0.62 
5.5 0.79 0.56 0.90 0.55   1.29 0.58 
6.5 0.77 0.61 BD BD   BD BD 
7.5 0.76 0.62 BD BD   BD BD 
8.5 0.76 0.63 BD BD   BD BD 
9.5 0.75 0.66 BD BD   BD BD 
14.5 0.76 0.62 BD BD 4.68 BD BD 
                  
CH0811-
S14 
0.5 0.83 0.45 2.03 0.52   11.34 0.97 
1.5 0.82 0.48 0.76 0.33   6.83 0.84 
2.5 0.81 0.50 1.65 0.46   5.19 0.70 
3.5 0.80 0.54 0.36 0.39   2.63 0.66 
4.5 0.80 0.54 0.93 0.39   1.32 0.66 
5.5 0.80 0.52 0.47 0.36   0.27 0.67 
6.5 0.79 0.55 BD BD   BD BD 
7.5 0.78 0.59 BD BD   BD BD 
8.5 0.77 0.60 BD BD   BD BD 
9.5 0.79 0.57 BD BD 3.27 BD BD 
                  
CH0811-
S15 
0.5 0.91 0.24 2.07 0.45   29.49 2.52 
1.5 0.87 0.35 1.41 0.66   12.35 1.61 
2.5 0.81 0.50 1.16 0.48   4.41 0.89 
3.5 0.83 0.45 0.39 0.23   0.27 0.58 
4.5 0.83 0.46 0.33 0.27   BD BD 
5.5 0.79 0.55 BD BD   BD BD 
6.5 0.82 0.48 BD BD   BD BD 
7.5 0.82 0.49 BD BD   BD BD 
8.5 0.81 0.51 BD BD   BD BD 
9.5 0.81 0.50 BD BD 2.08 BD BD 
                  
CH0811-
S16 
0.5 0.83 0.46 1.41 0.53       
1.5 0.81 0.51 1.71 0.57       
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2.5 0.81 0.50 1.03 0.53       
3.5 0.80 0.52 BD BD       
4.5 0.78 0.58 BD BD       
5.5 0.79 0.57 BD BD       
6.5 0.78 0.57 BD BD       
7.5 0.78 0.59 BD BD       
8.5 0.77 0.61 BD BD       
9.5 0.77 0.61 BD BD 2.19     
                  
CH0811-
S17 
0.5 0.88 0.31 1.69 0.74   8.52 1.26 
1.5 0.88 0.31 1.45 0.91   3.71 1.24 
2.5 0.85 0.39 BD BD   2.44 1.02 
3.5 0.84 0.42 BD BD   0.34 0.54 
4.5 0.82 0.46 BD BD 1.09 BD BD 
                  
CH0811-
S18 
0.5 0.88 0.31 1.24 0.61   17.30 2.08 
1.5 0.84 0.42 0.07 0.32   1.84 0.81 
2.5 0.81 0.51 BD BD   0.25 0.76 
3.5 0.79 0.56 BD BD   BD BD 
4.5 0.77 0.60 BD BD   BD BD 
5.5 0.77 0.60 BD BD   BD BD 
6.5 0.77 0.61 BD BD   BD BD 
7.5 0.76 0.62 BD BD   BD BD 
8.5 0.76 0.63 BD BD   BD BD 
9.5 0.77 0.62 BD BD 0.47 BD BD 
                  
CH0811-
S19 
0.5 0.87 0.34 BD BD       
1.5 0.86 0.38 BD BD       
2.5 0.83 0.45 BD BD       
3.5 0.80 0.52 BD BD       
4.5 0.80 0.54 BD BD 0.00     
                  
CH0811-
S20 
0.5 0.92 0.22 BD BD   23.62 1.70 
1.5 0.88 0.31 BD BD   7.52 0.80 
2.5 0.86 0.37 BD BD   1.34 0.62 
3.5 0.85 0.41 BD BD   0.86 0.60 
4.5 0.83 0.46 BD BD   BD BD 
5.5 0.83 0.44 BD BD   BD BD 
6.5 0.84 0.43 BD BD   BD BD 
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7.5 0.83 0.45 BD BD   BD BD 
8.5 0.82 0.48 BD BD   BD BD 
9.5 0.82 0.49 BD BD 0.00 BD BD 
                  
CH0811-
S21 
0.5 0.91 0.23 BD BD   51.97 2.96 
1.5 0.88 0.32 BD BD   6.05 0.73 
2.5 0.84 0.44 BD BD   3.22 0.64 
3.5 0.85 0.39 BD BD   2.10 0.59 
4.5 0.83 0.44 BD BD 0.00 1.53 0.54 
                  
CH0811-
S22 
0.5 0.86 0.36 BD BD       
1.5 0.83 0.45 BD BD       
2.5 0.78 0.60 BD BD       
3.5 0.81 0.51 BD BD       
4.5 0.80 0.52 BD BD 0.00     
                  
CH0811-
S23 
0.5 0.76 0.63 BD BD       
1.5 0.78 0.59 BD BD       
2.5 0.75 0.66 BD BD       
3.5 0.72 0.73 BD BD       
4.5 0.70 0.78 BD BD 0.00     
                  
CH0811-
S25 
0.5 0.84 0.42 0.74 0.37       
1.5 0.81 0.50 BD BD       
2.5 0.80 0.53 BD BD       
3.5 0.79 0.55 BD BD       
4.5 0.74 0.70 BD BD 0.34     
                  
CH0811-
S27 
0.5 0.68 0.84 BD BD       
1.5 0.50 1.33 BD BD       
2.5 0.53 1.25 BD BD 0.00     
                  
CH0811-
S28 
0.5 0.95 0.13 1.70 1.45       
1.5 0.79 0.55 1.76 0.97       
2.5 0.67 0.87 BD BD       
3.5 0.60 1.05 BD BD       
4.5 0.61 1.04 BD BD       
5.5 0.62 1.00 BD BD       
6.5 0.54 1.22 BD BD       
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7.5 0.54 1.22 BD BD       
8.5 0.55 1.19 BD BD       
10.5 0.57 1.14 BD BD       
13.5 0.58 1.11 BD BD 1.33     
                  
CH0811-
S29 
0.5 0.90 0.27 BD BD       
3.5 0.82 0.47 BD BD       
6.5 0.80 0.54 BD BD       
10.5 0.60 1.07 BD BD       
13.5 0.72 0.73 BD BD       
17.5 0.71 0.78 BD BD       
23.0 0.64 0.96 BD BD       
29.0 0.63 0.98 BD BD 0.00     
                  
CH0811-
S30 
0.5 0.87 0.35 2.17 0.95       
1.5 0.75 0.67 0.92 0.89       
3.5 0.60 1.06 BD BD       
5.5 0.64 0.96 BD BD       
7.5 0.51 1.30 BD BD       
10.5 0.49 1.36 BD BD 1.81     
                  
CH0811-
S31 
0.5 0.83 0.46 1.08 0.56       
1.5 0.83 0.46 1.45 0.64       
2.5 0.81 0.51 0.99 0.59       
3.5 0.81 0.51 2.09 0.66       
4.5 0.80 0.52 1.45 0.59       
6.5 0.82 0.49 BD BD       
8.5 0.78 0.59 BD BD       
10.5 0.59 1.08 BD BD       
11.5 0.64 0.96 BD BD       
14.5 0.71 0.78 BD BD       
17.5 0.64 0.96 BD BD       
21.0 0.66 0.90 BD BD       
27.0 0.69 0.82 BD BD 4.15     
                  
CH0811-
S32 
0.5 0.79 0.55 BD BD       
1.5 0.65 0.92 BD BD       
2.5 0.64 0.94 BD BD       
3.5 0.69 0.82 BD BD       
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4.5 0.69 0.81 BD BD 0.00     
                  
CH0811-
S34 
0.5 0.88 0.32 1.99 0.67       
1.5 0.84 0.44 1.71 0.92       
2.5 0.83 0.46 1.57 0.57       
3.5 0.85 0.41 0.54 0.60       
4.5 0.83 0.46 1.35 0.63       
5.5 0.85 0.40 0.83 0.53       
6.5 0.84 0.42 BD BD       
7.5 0.82 0.47 BD BD       
8.5 0.80 0.54 BD BD       
9.5 0.81 0.51 BD BD 3.56     
                  
CH0811-
S35 
0.5 0.89 0.29 BD BD       
1.5 0.86 0.37 BD BD       
2.5 0.85 0.40 BD BD       
3.5 0.79 0.55 BD BD       
4.5 0.81 0.51 BD BD 0.00     
                  
CH0811-
S36 
0.5 0.84 0.43 1.32 0.48       
1.5 0.73 0.70 1.16 0.47       
2.5 0.58 1.12 BD BD       
3.5 0.53 1.25 BD BD       
4.5 0.54 1.23 BD BD       
5.5 0.50 1.32 BD BD       
7.5 0.45 1.45 BD BD       
9.5 0.43 1.52 BD BD 1.47     
                  
CH0811-
S37 
0.5 0.93 0.17 1.28 0.44       
1.5 0.89 0.29 1.60 0.42       
2.5 0.88 0.31 1.49 0.51       
3.5 0.89 0.29 1.21 0.43       
4.5 0.89 0.30 0.90 0.40       
5.5 0.89 0.29 0.35 0.44       
6.5 0.88 0.31 0.54 0.42       
7.5 0.87 0.35 0.89 0.45       
8.5 0.88 0.33 1.15 0.49       
9.5 0.86 0.36 BD BD       
10.5 0.86 0.36 BD BD       
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11.5 0.86 0.37 BD BD       
12.5 0.85 0.39 BD BD       
13.5 0.84 0.41 BD BD       
14.5 0.84 0.43 BD BD       
15.5 0.83 0.44 BD BD       
16.5 0.84 0.42 BD BD       
17.5 0.83 0.44 BD BD       
18.5 0.85 0.41 BD BD       
19.5 0.84 0.43 BD BD       
21.0 0.84 0.42 BD BD       
23.0 0.83 0.45 BD BD       
29.0 0.85 0.40 BD BD 3.05     
                  
CH0811-
S38 
0.5 0.74 0.69 0.71 0.45       
1.5 0.65 0.94 0.64 0.33       
2.5 0.55 1.19 0.92 0.38       
3.5 0.54 1.21 BD BD       
4.5 0.61 1.02 BD BD       
5.5 0.65 0.92 BD BD       
7.5 0.52 1.27 BD BD 2.29     
                  
CH0811-
S39 
0.5 0.68 0.84 BD BD       
1.5 0.58 1.12 BD BD       
2.5 0.68 0.85 BD BD       
3.5 0.72 0.74 BD BD       
4.5 0.68 0.84 BD BD 0.00     
                  
CH0811-
S40 
0.5 0.90 0.26 0.89 0.44       
1.5 0.90 0.27 0.80 0.96       
2.5 0.88 0.31 0.91 0.41       
3.5 0.87 0.33 0.73 0.43       
4.5 0.84 0.42 1.03 0.40       
5.5 0.87 0.35 1.44 0.56       
6.5 0.86 0.36 BD BD       
7.5 0.86 0.38 BD BD 2.11     
                  
CH0811-
S41 
0.5 0.90 0.27 2.35 0.62       
1.5 0.86 0.36 1.53 0.48       
2.5 0.84 0.41 BD BD       
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3.5 0.81 0.51 BD BD       
4.5 0.81 0.51 BD BD       
5.5 0.80 0.54 BD BD       
6.5 0.79 0.56 BD BD       
7.5 0.84 0.44 BD BD       
8.5 0.84 0.42 BD BD       
9.5 0.82 0.49 BD BD       
10.5 0.84 0.43 BD BD       
11.5 0.86 0.38 BD BD       
12.5 0.87 0.35 BD BD       
13.5 0.85 0.39 BD BD       
14.5 0.81 0.50 BD BD 1.31     
                  
CH0811-
S42 
0.5 0.66 0.91 1.05 0.43       
1.5 0.57 1.13 0.26 0.46       
2.5 0.58 1.10 0.73 0.36       
3.5 0.60 1.07 0.46 0.43       
4.5 0.62 1.01 BD BD 2.66     
                  
CH0811-
S43 
0.5 0.52 1.27 BD BD       
1.5 0.58 1.12 BD BD       
2.5 0.54 1.23 BD BD       
3.5 0.55 1.19 BD BD       
4.5 0.54 1.21 BD BD 0.00     
                  
CH0811-
S44 
0.5 0.86 0.36 BD BD       
1.5 0.82 0.47 BD BD       
2.5 0.82 0.47 BD BD       
3.5 0.81 0.50 BD BD       
4.5 0.79 0.56 BD BD       
9.5 0.73 0.72 BD BD       
15.5 0.70 0.79 BD BD 0.00     
                  
CH0811-
S45 
0.5 0.79 0.55 1.13 0.96       
1.5 0.75 0.66 BD BD       
2.5 0.70 0.79 BD BD       
5.5 0.72 0.75 BD BD       
11.5 0.68 0.84 BD BD 0.66     
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CH0811-
S47 
0.5 0.79 0.55 3.51 0.96       
1.5 0.72 0.74 1.23 0.67       
2.5 0.75 0.66 BD BD       
3.5 0.69 0.82 BD BD       
4.5 0.62 1.01 BD BD       
9.5 0.77 0.61 BD BD       
14.5 0.76 0.62 BD BD       
19.5 0.71 0.77 BD BD       
25.0 0.67 0.88 BD BD       
33.0 0.70 0.80 BD BD 3.01     
                  
CH0811-
S49 
0.5 0.85 0.40 3.08 0.84       
1.5 0.83 0.44 BD BD       
2.5 0.81 0.49 BD BD       
3.5 0.80 0.53 BD BD       
4.5 0.80 0.54 BD BD       
9.5 0.74 0.68 BD BD       
10.5 0.75 0.67 BD BD       
12.5 0.73 0.72 BD BD       
19.5 0.77 0.61 BD BD       
23.0 0.76 0.65 BD BD 1.34     
                  
CH0811-
S50 
0.5 0.85 0.41 1.27 0.55       
1.5 0.83 0.46 0.70 0.50       
2.5 0.81 0.52 0.78 0.52       
3.5 0.79 0.57 BD BD       
4.5 0.78 0.57 BD BD       
6.5 0.77 0.62 BD BD       
7.5 0.77 0.60 BD BD       
9.5 0.78 0.59 BD BD       
10.5 0.76 0.62 BD BD       
11.5 0.76 0.62 BD BD       
14.5 0.75 0.66 BD BD       
18.5 0.73 0.71 BD BD 1.34     
                  
CH0811-
S52 
0.5 0.86 0.36 2.56 0.72       
1.5 0.85 0.40 1.15 0.55       
2.5 0.83 0.46 1.28 0.56       
3.5 0.83 0.46 0.98 0.56       
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4.5 0.82 0.47 0.32 0.52 2.81     
                  
CH0811-
S53 
0.5 0.86 0.37 4.37 1.00       
1.5 0.82 0.47 3.11 0.94       
2.5 0.82 0.47 1.86 0.84       
3.5 0.80 0.53 1.06 0.81       
4.5 0.79 0.56 1.37 0.84       
6.5 0.75 0.66 BD BD       
9.5 0.75 0.66 BD BD 6.14     
                  
CH0811-
S54 
0.5 0.72 0.75 1.72 0.63       
1.5 0.72 0.73 BD BD       
2.5 0.74 0.69 BD BD       
3.5 0.71 0.77 BD BD       
4.5 0.64 0.94 BD BD 1.36     
                  
CH0811-
S59 
0.5 0.93 0.18 4.03 0.94       
1.5 0.83 0.44 2.89 0.80       
2.5 0.80 0.54 1.61 0.76       
3.5 0.78 0.57 BD BD       
4.5 0.77 0.60 BD BD       
5.5 0.77 0.61 BD BD       
6.5 0.77 0.60 BD BD       
7.5 0.77 0.62 BD BD       
8.5 0.77 0.60 BD BD       
9.5 0.77 0.62 BD BD       
21.0 0.79 0.56 BD BD       
25.0 0.78 0.58 BD BD       
29.0 0.78 0.58 BD BD       
31.0 0.78 0.58 BD BD       
33.0 0.79 0.56 BD BD 3.17     
                  
CH0811-
S61 
0.5 0.90 0.27 3.02 0.93       
1.5 0.83 0.45 1.55 0.80       
2.5 0.81 0.49 1.30 0.76       
3.5 0.80 0.54 1.06 0.72       
4.5 0.78 0.58 0.54 0.55       
5.5 0.79 0.57 BD BD       
6.5 0.78 0.58 BD BD       
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7.5 0.78 0.57 BD BD       
10.5 0.78 0.57 BD BD 3.32     
                  
CH0811-
S64 
0.5 0.86 0.37 1.22 0.59       
1.5 0.84 0.42 1.29 0.58       
2.5 0.83 0.46 1.67 0.64       
3.5 0.80 0.54 1.70 0.62       
4.5 0.81 0.49 1.33 0.61       
5.5 0.80 0.52 0.37 0.72       
6.5 0.79 0.56 BD BD       
9.5 0.79 0.57 BD BD       
14.5 0.76 0.63 BD BD       
19.5 0.75 0.66 BD BD 3.81     
                  
CH0811-
S68 
0.5 0.87 0.34 1.39 0.84       
1.5 0.85 0.38 BD BD       
2.5 0.78 0.58 BD BD       
3.5 0.82 0.49 BD BD       
4.5 0.79 0.56 BD BD 0.52     
 
        
BD = Below detection limits of analytical equipment.  Activity was assumed to be zero. 
 
  
Appendix D: Downcore Grain Size Distributions 
Core ID Mid-Depth (cm) Sand (%) Silt (%) Clay (%) 
CH0811-S1 0.5 1.05 36.87 62.07 
1.5 0.45 41.10 58.45 
2.5 0.65 38.72 60.64 
3.5 0.39 40.15 59.46 
4.5 2.18 34.04 63.78 
5.5 0.38 39.78 59.84 
6.5 0.89 36.26 62.85 
8.5 2.14 10.98 86.88 
10.5 0.50 41.74 57.76 
12.5 0.29 40.90 58.81 
14.5 0.29 42.68 57.02 
16.5 0.43 37.52 62.05 
18.5 0.46 42.78 56.77 
21.0 0.64 44.09 55.27 
23.0 0.63 41.88 57.49 
25.0 0.63 43.78 55.59 
27.0 1.05 48.88 50.07 
29.0 12.47 55.15 32.38 
          
CH0811-S7 0.5 1.72 24.60 73.68 
1.5 0.87 41.37 57.76 
2.5 3.79 38.88 57.33 
3.5 0.99 44.46 54.55 
4.5 4.00 45.01 50.99 
5.5 1.53 42.59 55.88 
6.5 7.69 43.38 48.92 
7.5 1.17 47.63 51.20 
8.5 4.24 35.91 59.85 
10.5 0.74 47.23 52.03 
12.5 0.71 49.78 49.52 
14.5 0.61 53.83 45.56 
16.5 0.81 56.79 42.40 
18.5 1.70 42.84 55.46 
21.0 1.01 42.87 56.12 
23.0 0.97 42.30 56.73 
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25.0 0.95 39.04 60.02 
27.0 0.50 38.98 60.52 
29.0 0.82 34.62 64.57 
31.0 0.47 31.13 68.40 
33.0 0.58 34.33 65.08 
35.0 0.52 34.04 65.44 
37.0 0.77 29.86 69.37 
39.0 0.59 32.83 66.58 
          
CH0811-S12 0.5 0.95 47.16 51.89 
1.5 0.56 53.52 45.91 
2.5 0.85 50.65 48.50 
3.5 1.34 55.11 43.55 
4.5 2.43 52.01 45.56 
6.5 2.65 45.43 51.92 
8.5 5.10 46.27 48.63 
10.5 3.63 45.01 51.36 
12.5 3.38 45.84 50.78 
14.5 4.82 32.70 62.49 
16.5 4.31 38.62 57.06 
18.5 11.78 38.27 49.95 
21.0 12.15 39.98 47.86 
23.0 23.56 32.12 44.32 
25.0 2.48 49.79 47.74 
27.0 0.98 49.98 49.04 
29.0 0.37 48.74 50.89 
          
CH0811-S15 0.5 1.68 28.57 69.75 
1.5 0.56 23.23 76.21 
2.5 1.59 31.86 66.55 
3.5 0.28 24.02 75.70 
4.5 0.67 15.17 84.15 
6.5 0.95 32.96 66.09 
8.5 1.02 18.74 80.24 
10.5 1.22 20.46 78.32 
12.5 1.62 18.88 79.50 
14.5 3.28 17.68 79.03 
16.5 2.48 6.06 91.46 
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18.5 5.66 30.69 63.64 
21.0 1.41 8.89 89.69 
23.0 2.90 11.90 85.20 
25.0 2.41 35.99 61.59 
27.0 1.13 33.46 65.41 
29.0 0.37 35.14 64.48 
31.0 0.50 39.85 59.65 
33.0 0.87 29.64 69.50 
35.0 0.56 23.34 76.10 
37.0 0.40 32.08 67.53 
39.0 1.25 46.98 51.76 
          
CH0811-S17 0.5 1.20 33.15 65.66 
1.5 1.05 43.92 55.03 
2.5 1.51 35.70 62.79 
3.5 0.60 32.67 66.72 
4.5 0.95 36.91 62.14 
5.5 0.28 31.93 67.79 
6.5 0.76 16.14 83.10 
7.5 0.42 27.25 72.33 
8.5 1.02 26.84 72.14 
10.5 0.36 30.61 69.03 
12.5 0.53 34.67 64.80 
14.5 0.76 39.94 59.30 
16.5 0.68 34.19 65.13 
18.5 0.74 36.83 62.44 
21.0 0.79 36.56 62.65 
23.0 0.68 56.19 43.13 
25.0 2.05 48.71 49.24 
27.0 2.30 45.47 52.23 
29.0 2.56 40.73 56.70 
          
CH0811-S25 0.5 12.87 40.94 46.18 
1.5 21.92 32.49 45.59 
2.5 8.61 42.34 49.05 
3.5 9.20 38.78 52.02 
4.5 14.97 37.46 47.57 
5.5 2.41 34.32 63.27 
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6.5 7.26 26.24 66.50 
7.5 1.94 32.87 65.18 
          
CH0811-S28 0.5 33.55 36.45 30.00 
1.5 37.20 37.89 24.92 
2.5 59.34 20.95 19.72 
3.5 77.43 11.25 11.33 
4.5 62.74 24.79 12.48 
5.5 48.69 28.82 22.49 
6.5 40.61 34.09 25.30 
7.5 17.15 51.24 31.61 
          
CH0811-S31 0.5 4.80 51.62 43.57 
1.5 5.69 48.78 45.53 
2.5 5.39 41.25 53.36 
3.5 4.73 50.39 44.88 
4.5 4.82 48.64 46.54 
5.5 4.27 41.27 54.46 
7.5 3.49 35.93 60.58 
9.5 9.97 51.84 38.19 
11.5 28.79 49.71 21.50 
13.5 6.76 51.14 42.10 
15.5 7.10 51.71 41.19 
17.5 7.80 54.43 37.77 
19.5 8.28 45.80 45.92 
          
CH0811-S32 0.5 33.92 39.90 26.18 
1.5 36.87 39.42 23.71 
2.5 36.34 32.02 31.65 
3.5 21.30 31.37 47.32 
4.5 14.01 37.27 49.53 
5.5 3.50 23.85 72.66 
7.5 1.76 28.01 70.23 
9.5 7.10 34.27 58.63 
          
CH0811-S37 0.5 1.66 25.96 72.38 
1.5 0.40 21.53 78.07 
2.5 1.40 18.21 80.39 
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3.5 0.43 19.48 80.09 
4.5 1.05 17.96 80.99 
5.5 0.33 17.06 82.61 
6.5 1.59 19.62 78.79 
7.5 0.27 19.20 80.53 
8.5 1.11 22.08 76.81 
9.5 0.25 17.54 82.21 
10.5 1.18 20.26 78.56 
11.5 0.23 17.43 82.34 
12.5 0.48 21.72 77.80 
14.5 0.59 21.12 78.29 
16.5 0.95 24.45 74.60 
18.5 0.87 24.26 74.87 
21.0 0.49 26.85 72.66 
23.0 0.20 24.95 74.85 
25.0 0.23 28.86 70.90 
27.0 0.46 27.93 71.61 
29.0 0.62 22.45 76.93 
          
CH0811-S40 0.5 1.28 22.86 75.87 
1.5 0.61 26.25 73.14 
2.5 0.99 27.14 71.87 
3.5 0.87 34.13 65.00 
4.5 0.74 24.48 74.78 
5.5 0.55 29.97 69.47 
6.5 0.96 22.53 76.51 
7.5 0.96 29.53 69.51 
8.5 0.37 17.54 82.09 
10.5 2.34 36.28 61.37 
12.5 1.54 29.88 68.58 
14.5 1.02 30.92 68.05 
16.5 0.80 30.68 68.52 
18.5 1.09 28.14 70.77 
21.0 0.79 35.84 63.37 
23.0 0.41 22.25 77.34 
25.0 0.40 22.88 76.72 
27.0 0.40 29.92 69.69 
29.0 0.39 24.40 75.20 
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CH0811-S41 0.5 0.68 36.51 62.81 
1.5 1.00 42.68 56.32 
2.5 1.23 32.57 66.20 
3.5 0.73 37.79 61.49 
4.5 2.20 37.56 60.24 
5.5 1.91 45.08 53.01 
6.5 4.25 40.31 55.44 
7.5 0.83 36.77 62.40 
8.5 3.72 29.26 67.01 
9.5 17.34 34.15 48.51 
10.5 16.31 22.80 60.89 
12.5 1.94 16.88 81.18 
14.5 5.42 28.88 65.71 
16.5 6.47 29.81 63.71 
18.5 2.05 29.02 68.93 
21.0 1.93 33.43 64.64 
23.0 2.15 34.95 62.90 
25.0 1.66 31.33 67.02 
27.0 1.48 40.42 58.10 
29.0 0.85 40.89 58.26 
          
CH0811-S47 0.5 22.85 47.30 29.85 
1.5 32.23 37.49 30.28 
2.5 10.27 55.28 34.45 
3.5 8.19 51.52 40.29 
5.5 19.11 45.88 35.12 
7.5 8.51 49.71 41.78 
9.5 2.89 52.26 44.85 
11.5 1.85 50.44 47.71 
13.5 0.79 54.07 45.13 
15.5 1.04 62.67 36.29 
17.5 0.54 58.26 41.20 
19.5 1.62 55.42 42.96 
21.0 2.35 64.95 32.70 
23.0 1.83 65.29 32.88 
25.0 2.67 65.67 31.66 
27.0 1.26 66.44 32.29 
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29.0 4.22 59.81 35.97 
          
CH0811-S49 0.5 1.64 38.05 60.30 
1.5 0.69 40.25 59.06 
2.5 0.93 42.05 57.01 
4.5 1.23 40.64 58.12 
6.5 1.93 42.78 55.29 
8.5 1.22 49.32 49.46 
10.5 1.52 45.15 53.33 
12.5 1.14 44.76 54.10 
14.5 1.57 60.13 38.29 
16.5 0.92 41.31 57.77 
18.5 1.20 41.55 57.25 
21.0 1.16 45.85 53.00 
23.0 1.37 44.97 53.65 
25.0 1.96 43.49 54.55 
27.0 1.09 61.21 37.70 
29.0 1.07 59.64 39.29 
          
CH0811-S53 0.5 1.11 41.98 56.91 
1.5 0.88 46.98 52.14 
2.5 0.81 43.39 55.79 
3.5 1.80 50.80 47.39 
4.5 1.84 51.88 46.28 
6.5 0.93 53.85 45.22 
8.5 0.76 46.97 52.27 
10.5 1.08 48.95 49.98 
12.5 0.89 58.86 40.25 
14.5 2.69 53.74 43.57 
16.5 4.03 56.81 39.16 
18.5 0.97 53.33 45.70 
21.0 0.58 43.68 55.74 
23.0 6.90 44.63 48.47 
25.0 26.62 35.15 38.23 
27.0 23.08 37.80 39.12 
29.0 5.23 50.01 44.76 
          
CH0811-S59 0.5 0.55 44.02 55.43 
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1.5 0.51 49.74 49.74 
2.5 0.87 42.05 57.08 
3.5 0.50 53.84 45.66 
4.5 1.04 46.58 52.38 
5.5 0.34 46.52 53.14 
6.5 0.87 34.78 64.35 
8.5 0.78 64.19 35.03 
10.5 1.07 30.28 68.65 
12.5 0.77 53.13 46.10 
14.5 1.20 40.24 58.57 
16.5 0.37 39.11 60.52 
18.5 0.36 37.88 61.76 
21.0 1.08 46.33 52.59 
23.0 0.48 40.06 59.46 
25.0 0.56 45.08 54.36 
27.0 0.49 26.98 72.53 
29.0 0.95 43.26 55.79 
31.0 1.94 43.30 54.76 
33.0 1.30 41.62 57.08 
35.0 0.51 35.33 64.16 
37.0 1.02 35.97 63.01 
39.0 1.30 42.53 56.17 
          
CH0811-S61 0.5 0.38 43.31 56.31 
1.5 0.95 51.78 47.27 
2.5 0.65 51.65 47.70 
3.5 0.85 52.10 47.06 
4.5 0.61 57.20 42.19 
6.5 0.47 53.42 46.11 
8.5 0.39 55.59 44.02 
10.5 0.65 49.49 49.86 
12.5 0.28 44.68 55.04 
14.5 1.32 24.17 74.51 
16.5 1.50 43.06 55.43 
18.5 0.98 46.56 52.45 
21.0 0.97 48.14 50.89 
23.0 0.85 48.19 50.96 
25.0 0.56 42.97 56.47 
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27.0 0.76 53.36 45.88 
29.0 1.11 48.03 50.86 
 
  
Appendix E: Downcore Composition of Organic Matter 
Core 
ID 
Mid 
Depth 
(cm) 
OC 
(%) 
Error 
(%) 
OC/N 
(Molar) 
Error 
(%) 
δ13C (pdb)  
drift 
corrected 
CH0811-
S7 
0.5 1.38 4.16 10.50 3.02 -22.67 
1.5 1.28 4.18 10.34 3.26   
2.5 1.33 3.73 10.59 2.80 -22.49 
3.5 1.25 4.20 10.87 3.36   
4.5 1.21 3.99 10.73 3.29 -22.51 
5.5 1.22 3.96 10.80 3.26 -22.62 
6.5 1.18 4.19 10.44 3.54   
7.5 1.14 4.22 10.45 3.69 -22.61 
8.5 1.20 3.95 11.03 3.29 -22.68 
9.5 1.17 4.71 10.72 4.02   
10.5 1.22 4.20 11.12 3.46   
11.5 1.18 3.73 11.00 3.15 -22.52 
12.5 1.06 4.17 10.49 3.92 -22.54 
13.5 1.03 4.11 10.38 3.99 -22.40 
14.5 1.03 4.73 10.94 4.61 -22.47 
15.5 0.99 4.09 10.75 4.14 -22.65 
16.5 0.84 3.95 10.95 4.72 -22.94 
17.5 0.86 4.15 10.57 4.83   
18.5 1.27 4.22 10.09 3.33 -22.14 
19.5 1.27 4.25 10.36 3.36 -22.17 
21.0 1.24 4.78 10.23 3.85 -22.17 
23.0 1.23 3.98 9.86 3.23   
25.0 1.21 4.76 10.19 3.92 -22.17 
27.0 1.31 3.72 10.74 2.84 -22.03 
29.0 1.30 3.74 10.74 2.87 -22.16 
31.0 1.33 3.71 11.07 2.79   
33.0 1.21 4.21 10.26 3.48 -22.08 
37.0 1.22 4.75 10.32 3.88 -22.03 
39.0 1.33 3.95 9.86 2.96 -21.53 
41.0 1.25 3.99 11.18 3.20   
              
CH0811-
S15 
0.5 1.56 4.76 10.25 3.05 -22.69 
1.5 1.60 3.76 10.72 2.35   
2.5 1.51 3.99 10.79 2.65 -22.62 
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3.5 1.55 3.72 10.71 2.40   
4.5 1.46 4.26 10.73 2.91 -22.57 
5.5 1.38 4.22 9.96 3.06 -22.55 
6.5 1.55 3.72 10.99 2.40 -22.67 
7.5 1.40 4.26 10.29 3.05 -22.78 
8.5 1.40 4.78 10.74 3.42 -22.75 
9.5 1.38 4.25 10.36 3.08 -22.81 
10.5 1.47 3.98 10.90 2.72   
11.5 1.35 4.20 10.26 3.10 -22.67 
12.5 1.43 3.95 10.80 2.76   
13.5 1.36 4.22 10.68 3.11 -22.67 
14.5 1.39 3.70 10.75 2.66   
15.5 1.27 4.75 10.28 3.73 -22.72 
16.5 1.44 3.71 10.80 2.57   
17.5 1.35 4.78 10.44 3.55 -22.70 
18.5 1.40 3.74 10.66 2.67   
19.5 1.38 3.75 10.77 2.72 -22.81 
21.0 1.31 4.77 10.50 3.64   
23.0 1.15 4.15 10.26 3.61   
25.0 1.24 4.77 10.52 3.83 -22.84 
27.0 1.41 3.72 11.14 2.63   
29.0 1.31 3.96 11.02 3.02 -22.64 
31.0 1.21 4.72 10.57 3.90 -22.67 
33.0 1.33 3.97 10.77 3.00   
35.0 1.39 4.01 10.97 2.89   
37.0 1.38 4.14 10.89 2.99 -22.85 
39.0 1.10 4.17 10.85 3.78 -22.68 
41.0 0.73 3.92 10.93 5.37   
43.0 0.68 4.11 10.69 6.00 -23.11 
45.0 0.91 3.95 11.12 4.36 -22.93 
47.0 1.30 3.71 10.60 2.85 -22.71 
49.0 1.33 4.18 9.82 3.13 -22.60 
51.0 1.29 4.74 9.79 3.67   
53.0 1.29 4.77 9.72 3.69   
              
CH0811-
S17 
0.5 1.58 3.76 10.35 2.38 -22.70 
1.5 1.51 4.19 10.37 2.78 -22.61 
2.5 1.51 3.96 10.70 2.63 -22.53 
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3.5 1.45 4.25 10.37 2.92 -22.44 
4.5 1.43 3.97 10.67 2.77 -22.45 
              
CH0811-
S20 
0.5 1.60 3.99 9.51 2.50 -21.67 
1.5 1.44 4.79 9.12 3.33 -21.61 
2.5 1.50 4.26 9.87 2.84 -21.85 
3.5 1.32 4.16 9.56 3.16 -22.00 
4.5 1.35 4.74 10.09 3.52 -22.00 
5.5 1.36 3.73 10.93 2.74   
6.5 1.33 1.50 10.74 1.13 -22.21 
7.5 1.33 4.78 10.66 3.59 -22.15 
8.5 1.28 4.73 10.45 3.70   
9.5 1.27 4.24 10.21 3.34 -22.21 
11.5 1.32 4.73 9.94 3.58 -21.69 
13.5 1.43 4.14 9.86 2.90 -21.66 
15.5 1.41 4.21 9.81 2.98 -21.56 
17.5 1.49 1.49 10.11 1.00 -21.52 
19.5 1.46 4.01 10.17 2.75 -21.23 
21.0 1.43 3.97 10.59 2.77   
23.0 1.35 4.14 9.88 3.06 -21.13 
25.0 1.37 3.74 10.11 2.73 -21.18 
27.0 1.39 3.72 10.21 2.68 -21.01 
29.0 1.29 3.97 9.93 3.07 -21.02 
31.0 1.24 4.21 9.74 3.38 -21.04 
33.0 1.24 4.22 9.94 3.40   
35.0 1.18 4.22 9.94 3.57 -20.92 
37.0 1.13 4.14 9.77 3.66 -21.00 
39.0 1.15 4.73 10.04 4.10   
              
CH0811-
S35 
1.5 0.97 3.68 8.95 3.79   
3.5 0.91 4.16 8.84 4.59   
5.5 0.88 4.10 8.64 4.66   
7.5 0.92 3.70 9.13 4.02   
9.5 0.81 4.71 8.97 5.82   
11.5 0.67 3.64 10.05 5.47   
13.5 0.59 4.10 9.48 6.89   
15.5 0.62 4.04 9.98 6.57   
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CH0811-
S37 
0.5 1.58 4.77 9.13 3.02   
1.5 1.92 3.75 9.64 1.95   
2.5 1.58 4.81 9.18 3.05   
3.5 1.53 4.25 9.06 2.77   
5.5 1.66 3.76 9.71 2.26   
7.5 1.50 4.75 8.76 3.16   
9.5 1.60 4.01 9.17 2.51   
11.5 1.85 1.49 9.82 0.81   
13.5 1.67 4.28 8.80 2.56   
15.5 1.86 3.74 9.68 2.02   
17.5 1.59 4.27 8.54 2.68   
19.5 1.91 3.77 9.85 1.98   
21.0 1.77 4.78 9.10 2.70   
23.0 1.97 3.76 9.97 1.91   
25.0 1.78 4.77 9.32 2.68   
27.0 1.68 4.24 9.46 2.52   
29.0 1.76 3.76 10.10 2.13   
31.0 1.61 4.76 9.60 2.96   
33.0 1.59 4.20 9.35 2.64   
35.0 1.55 4.27 9.45 2.76   
37.0 1.57 4.25 9.19 2.71   
39.0 1.68 3.72 10.12 2.21   
              
CH0811-
S40 
1.5 1.73 4.01 9.10 2.32   
3.5 1.70 4.24 8.89 2.49   
5.5 1.67 4.81 9.36 2.88   
7.5 1.72 4.01 9.33 2.33   
9.5 1.54 3.72 9.37 2.42   
11.5 1.36 4.21 8.94 3.09   
13.5 1.44 3.97 9.00 2.77   
15.5 1.44 4.22 8.82 2.94   
17.5 1.69 4.29 9.47 2.53   
19.5 1.60 4.27 9.47 2.67   
21.0 1.55 4.23 9.52 2.72   
23.0 1.60 4.75 9.20 2.98   
25.0 1.67 4.00 9.74 2.39   
27.0 1.66 3.73 10.02 2.24   
29.0 1.38 4.20 9.22 3.04   
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31.0 1.40 3.99 9.38 2.84   
33.0 1.40 4.01 9.65 2.86   
35.0 1.31 4.26 9.30 3.24   
37.0 1.45 3.98 9.64 2.75   
39.0 1.34 4.17 9.21 3.11   
              
CH0811-
S41 
1.5 1.65 3.74   2.26   
3.5 1.53 4.79   3.14   
5.5 1.61 4.15   2.57   
              
CH0811-
S53 
1.5 1.55 4.27 10.94 2.75   
3.5 1.61 4.75 10.89 2.94   
5.5 1.41 3.70 11.79 2.63   
7.5 1.31 1.49 11.71 1.14   
9.5 1.30 4.74 11.14 3.64   
11.5 1.38 3.95 11.60 2.86   
13.5 1.32 4.24 11.63 3.21   
15.5 1.32 4.72 12.02 3.58   
17.5 1.58 3.75 11.97 2.38   
19.5 1.47 4.76 11.37 3.23   
21.0 1.60 4.75 11.35 2.98   
23.0 1.66 4.24 11.03 2.55   
              
CH0811-
S59 
0.5 1.70 4.27 10.99 2.51   
1.5 1.65 4.26 10.58 2.58   
2.5 1.56 4.22 10.63 2.70   
3.5 1.36 4.22 11.54 3.11   
4.5 1.28 4.72 11.47 3.70   
5.5 1.29 4.20 11.46 3.26   
6.5 1.35 4.01 11.43 2.97   
7.5 1.30 4.24 11.81 3.25   
8.5 1.39 3.76 11.84 2.70   
9.5 1.39 3.97 11.92 2.87   
11.5 1.49 3.71 11.60 2.48   
13.5 1.50 4.01 11.38 2.67   
15.5 1.37 3.97 11.84 2.89   
17.5 1.55 3.99 11.50 2.58   
19.5 1.97 4.26 10.76 2.17   
  
94 
 
21.0 1.37 1.59 11.19 1.16   
23.0 1.75 4.28 10.96 2.45   
25.0 1.77 4.01 11.32 2.26   
27.0 1.85 3.74 11.34 2.02   
29.0 1.76 4.28 10.80 2.43   
31.0 1.57 4.76 11.13 3.04   
33.0 1.64 4.23 11.31 2.57   
35.0 1.66 4.24 10.70 2.56   
37.0 1.69 4.25 10.38 2.52   
39.0 1.50 1.48 10.98 0.99   
 
 
 
 
 
 
 
 
  
Appendix F: Site X-radiographs and Other Physical Data 
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Appendix G: Site X-radiographs with Sedimentological Characteristics and Interpretations 
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